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.? 
Qkrnnd and 8LEIl4C.d lmf UYI index for -bur variety S 351 
@- r * f  8- 8 f N . t f o n  dur ing  tk 1980 rainy 8 u w  o$ 
deep truUIol a t  I C U M T  C u t t o r .  iu 
@:rn .nd du1rt .d  tvtal dryutter and grain yield for ham 
-(I CW-8 eoa r n d u  rdoqwto rtu apply wing t b  I*8O 
onmn an M AINml r t  XORZSAT c*~w. 
Obe- ur6 .I.atrCd tot.1 drywt tu  end grain y f o l d  for ~ e p h .  
hybrdd Qklr-4 under r r in fd  8fturtfon (he. B) k i n g  tJm 
1980 rrlny rrobn oa m Alffml r t  TORISAT C*nt.r. 
bbsuvd Md 8ir lr t .d  total d t m t t o r  end m a  wield for 8orybur 
wrfv ty  rPJU m undu r r M d  rftuetforu on r doep Vertiml 
r t  rmmr  *tor. 
bk.fvd md 8lmtlrkd total d r y v t t u  cnd yield for m r g b  
h y k i d  CSU-8 tutdu .deqwte Irrter .upply (m. A) bur* tk 
l98b81 porrttclny 8u8on on ra AJfirol a t  mU81T Curter. 
1 A vieu of m r g b  rPode1ing exp.riynt w i t h  t h r a  q u w t y p s  
under  ,t moisture trsrburtr growm a t  fCRfSAT Csntrr on an 
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2 Cmpariron of h d a  for three sosqhum prrotypsiz grown a t  
IQPISAT Center on UJ A l f i s o l  f w d )  during 1980-81 pastrainy 

AqmcSLutdaqy ruureb durfnq 1980-81 - . r o d ,  u in t& pmiarr y . m ,  
tm mjor uam af rrrrrcht Ir) aollrctlan and in torpmat im of c l f n t o -  
1Miarl data fra d i f h m t  reqfanr of SAT and (bJ drrocl imtdbgf  crl Md 
cmrop mtlu d e l i b p  atndies. fa tho formu u w r  of  nsrrrch, lllr put 
rjop q p h r i n  th f r  y o u  on miafng tJn SAT up for h d i r ,  Africu md 
Rartbut -1 rr p u  th. Troll '8 rpprorch. WC r h o  lodrsd rt  tJia c l i m t l o  
envfraarnt fat pi~lanp11 in the SAT. hn r put of  cantfnuing 8f far fn  to 
c-y c l i r t m r ,  m hrve ihitfrOId #or work a, t h  princlprl c-t 
rsclyrir. 
Our ntudios omr the pave thaw y.uo showed t h e  datr an inkrcwptiaa 
of Photorynthotfcrlly Aetive Radiation (PAR) c w l d  k offect i  wry wed r t q  
dth dryarttor data to  caAplte growth efficioncier of cropr. MI hrc, obrarr( 
r i g ~ f f i c m t  d f f f e m m r  in  the growth effioiurcy o f  stxqhua g r m  during tlu 
rainy and portrainy reclwnr. Our rtudier on crop reapanre to m l r t u n  rfnlil 
with rorghta and millet rhovrrd *t field ~ ~ t r  of trcnaplrrtim r&tu 
u e  v e r y  u n f u l  to  interpret genotypic respmrer to water r t n r r .  
Cur e f for t s  to vrlidrte a sorghum growth md daelopnurt rlaulatla, 
(Sa#llr) using nu1 ti locdtian colllborativs approach yielded urcauraging rYPfW 
6mwr.1 aubrartfner in tho &el hdvw b n n  ruitrbly wdif ied to make th 
nendtfve to  the rorgbw g r ~ i n g  rrrcrironrmtr of SAT.  The oarnlr t im tori- 
ficiant for grain yield h t w a n  obsrrwd drtr and aiartlationr from th .  SQREl 
.ode1 and w i n d  SO@? &el (0.17 for S W F  and 0.87 for the revf sod medal) 
r h d  tht tha rwir imr  made wen, ureful. There ef fort8 indfcrte thr raop, 
for mie l  f-ts and solcouragcrd by them n s u l t s  ua in1 tirtrd wrk a, 
developing r growth and develolpnrrt Bodel for plrrl millet. 
mgoing wad: an rainfall cl ir toloqy of Wort Africa, rxpr ismtr  evaLurt- 
inp the w l n t u r a  s t r u n  ronpauen ob groundnut md chickpea a r e  nc t report& 
this you.  Thorn along wftb our i d t i r l  attnaptr a t  .odeling the mfllet qro*Cb 
and dewlopent d l 1  k -report& rwt yorr. 
In 10#0, rbr niay  r u m  c a w n a d  u r l y  by 1 J m e  and molded I l m  vex7 
a w l y  by 24 h p t d r ~ . ,  A ta t81  r e in fa l l  of 733 r ru n c o n h d  a t  XCRXSAT 
rteo*olo#iorf a n m a t o r y  during Juna t o  oc tobn  (normal 691 i). IbPnr, 
o*u? ICRISAT C.okr the  r a in fa l l  -Lad tKlp 530 t o  780 n 010. 1). 
Pi- 2 Wiats th. weekly .)rhfaU m i p t r .  W l y  niaOllll mouttn 
r r d d  fra J\aw t o  Oetobor a t  ERISA? Cmtw along d t h  tk data of 8onthly 
m i n i a l l  md a w n y e  monthly r a in fa l l  uu prrwated in  P i g u m  3. W U 1 ,  Jay, 
B c p t r k r  m d  Oat* mceived hlau rvarrge r a in fa l l ,  Sum md A w t  eacuivd 
rbarn a m  nlnf.11. In the f i r s t  fortnight of J m r  about 135 m of &a- 
f a l l  wu mwiv&. Mtennrd r ,  fra 17 Jma t o  22 July, than +U a prolmgod 
bmak In m h s ,  axc.pt f o r  about 20 r of rain an 1 July .ad neg-h n t r  
oa tow othrr  dwa.  The r a in fa l l  uu nll distributed frolr 22 JuljI t o  23 
A u g w t ,  Hannr, a any g i w n  dry t& vwhtiaa of ra-1 OVWPCRISAT C a t e r  
ur vary wide. ba 20 A u g u t  tbe  r u h f e l l  u3ountr mr ied  *an 10 
Vig.  U). Wr ru rclflected i n  the m u a n a l  minhll diatr2buti  
The nacmd longest dry rpe l l  w u  during 23 Augwt t o  2 aptambar. 
of t h i s  Zrxaq &y q a l l  was cleerly r r f l rc ted  in  the variation8 in 
mlq:ic.;L p a m m t e n  r h o .  Rainfall uaountr exc.sdhg S r w~ 
31 dry8 VhiL t he  h i g h r t  r a in fa l l  of about 117 an wcumnd m 20 
I n  1980; t hme  wen 16 a toms with htenrrity exceeding 20 
which th intsnaity of 11 atoms exceeded 40 a h r .  Thh 
t h n e  a$@nificmt atorma. The f i r s t  one cn 12 J\)na lasted fo r  
ud r2 d of s i n  mr mcorded. The mecard war ar 19 August wlth'li9.5 a 
N i n  in b o  rpol l r  - the f i r s t  spell of 27 nm kmted fa! about 4 S W d t 8 8  and 
the r e c a d  rprrll of 90 mn hutted for  about four hutma. The third. lr tom ro 
an 20 A q p t  with about 70 na rain in two q e U a  - the f l r a t  q e U  of 32 m 
lamtad fiar ab<>ut 45 minutes and the s a c a d  spell of 33 m laat& for 105 
&U 88 v 
2 ,  @ l s k i r r  mvlmnment for crop growth 
Tbe e n r r a l i r d  trenda of simulated available sail mistlw i n  V*Ftioola mil 
Alfi . o b  with w t e r  holding caprcit iee of 230 and 120 a rr.p.cti*.lg am 
dapioted in Figmu 3. The simulations wen made f o r  the d u / p f g e q m  
(100/180 dqw) intercwp in deep Vartiaol waterdmd BUSA od for p u r l  elrt 
(77 days) i a  the  Alfimol wterahed RW. In AUi-1 tbe  rail mi- vu 
ba lm 5 0 1  of i t r  a p e c i t y  during recond half of J u t .  Tbe wfl wu a t  I i d d  
ct.pacity a t  the tima of h m a t  of p e l  millet. In the  m e  of V . r t h l a  
1. Seuonal (June to Octaber) rs fn ts l l  dlstrlbution over ICRISAT Canter, 1980. 4 
X' 
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Flgun 2. W k l y  total  r a i n f a l l  distributton a t  ICRISAT Center 
for 1980-81 and average o f  1901 - '70. 
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--  .- -. . . - - - -- - pd,i. Vwlbbt l t ty  of nInR11 over ICRIUT Center i r  recordcd on 20 August 1W. '= 
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tb. rail .airtw wu below 501 of tbr ami&bl r  r t e r  u p c i t y  up t o  middle 
af mi in  the d d d h  oi July tho @oil * o i c l t M  wrr r w n  lea6 than 25% 
of tbr rtriwle wtec capacity. 
Tab& 1. Dwtioa uld i t  of i n t e n s i n  rr3n spe l l s  ncerrded during 1980 
rainy r o u a d  
Date D u m t i a ,  (Ma. 1 ~ d a f a l l '  (m) Intensity ( m / h r )  
"High intenuity epeUr rrcarding 5 m/l5 minutes are  considered. 
3.  Sorrc tmortant  areteorologlcal obsarvatlons I n  1980/81 
Daily averages based on weekly t o t a l l  of a i r  temperaturae, r e l a t ive  humidity, 
wind velocity,  open pan evapolation, bright sunshine hours, global solar  
radia t ion and net radiation are  presented i n  Figures 5 t o  10. Average data 
f a r  the  hut reven y u r r  for a l l  mtrorological  elements (1974-80) sxceptlng 
ladla t ion a m  also  presented and di rawred i n  r e l a t ion  t o  1980/81 data. 
I 
a )  &r temperature F l jure  5 )  
The day t m p r u t u r m  nrr gerrrallye.lwmd YOOC during A p r i l  and May. The 
highest maximum taprratw8 of 41.9 C m e  recorded on 27 May and the heist 
ainhm taap.rptur8 of 8 .8  C ma moordad on 8 December. The day temprraturrr 
wsm above avoraga fram end of Scp taber ,  1980 t o  March, 1981, During the 
twiny ru rm r x h m  tampeaturw f l w t u a t e d  amund the average while rninfmrra 
temparaturrr V.F. ~1080 t o  average t e p a a t m s .  
b)  Relative hmldlty (Figure- 6 
Tbe r e l a t i v e  h d d l t y  was abav, 60% both d w h g  m m i n g  and evening bows i n  
5 f2---- .20. .. - .  . 
28 36 44 52 8 Standard mlu 
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Figure 5 ,  Average weekly a l r  temperature a t  ICRISAT Center, 
1980-81 
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Figure 6 .  Average weakly r e l a t i ~ a . k e * * ~ ~ d k , ~ f  Cm't+r, 
1980-W * 
the misly uu#a -- a l igh t ly  &a mqp, During Octobrr t o  lkrrh the 
rulrtivm b u i d i t y  #u b l o w  rvetwp, 
In Jlnu the wind rp..dr were &ova a m r u e  and i a  the  rrrt of th, w i o d  the 
wind p d r  wrm wamd tb avollrpa. T L  highoat wind q m d  of 31.1 h/br 
was m00rd.d ar 28 Jw 1980. F m  t h e  r e d  half of Septmbw t o  Hamh tha 
w i n &  wrra i n  5-10 k/hr range. DwfaO t h e  n e t  af the period the  windr w n  
.bop* 10 khr. 
Except for s h w t  period8 in  J m o ,  July &ad Augwt, oprn pan evaporation was 
aboa a v e ~ ~ g e .  Thir YU m i n l y  d w  t o  dry rhol rphwic  ccad i t imr  p n w i L i n p  
a t  that t h o  with .knn awruge t a n p e r a t w r  aad below average r a l a t i v r  
h d d i t i e r .  However, d w  t o  low windr evaporation ha8 not roachrd the abnorncl 
level .  The highest value r v c d e d  for my 24 hour period war 19.4 m on 
25 Nay 1980. Frm 0ctob.r onwwds the r v a p o ~ t i a r  m a  a b m  4 m/&y.  
Tho runahine h o w  wm h l o w  a v e ~ g r  durhrg June t o  ~ & t .  During Saptemkr 
t o  Diacamber these were around tho average and on mny days the sunshine waa 
mom than 10 hours/day. 
f )  Radfat lon (Figure 10) 
Duriag July and Augwt the g l o b a l  so& radiation w a s  below 400 l y l d ~ y .  During 
the mst of the  period it was generally above 400 lylday and in summtrr it  was 
even abwe 500 ly/day. Net Mdiat ioa  was fn t he  range of 100-200 ly/day. 
0 . .  . . . .  - .  
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Figure 7 .  Average weekly wtnd-speed a t  I C R I S A T  Center, 1980-81. t 
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" Figure 8. Average weekly open pan evaporation a t  SCRISAT Center, 
r 8 
1980-81. 
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Figure 9. Average weekly b r l g h t  hours of sunshine a t  ICRISA1 
Center, 1989-81. 
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Figure 10. Average weekly global  solar r a d i a t i o n  and net ra -  
d i a t i o n  a t  I C R I S A T  Center, 1980-81. 
Collection and lntervretation of Agroclimatolwical Dota 
1 ,  Plmonpra and Its cllmtic envlranwnt 
Pigeonpar i r  a crop p m d c p i m t l y  gmm in a i m 1  mu. It ir cul t i r r tod 
in  aomi-arid &mar in  India and Kenya, sad ia r u b - W d  m g i a u  of w, 
the Yest Indier,  Burma, md the Carribbaa rugioa, About 90% of the world 
productim of p i g a o n p ~  l r  contributed by India, In t h i r  countrq, pigampea 
is the .art widely grown grain legma next t o  chickpea, In view of its 
economic iapcvtance, kddy and Vi-i (19801) evaluated the l g r i c u l t u n l  
climate of the pigeonpu growing uvar of India ( f ig .  11). Tho pigeempea 
growing araar broadly f a l l  in to  t h m  q r i c u l t w l  rub-didoiars (I ,  11 and 
III) .  Agricultural sub-diviricm I11 is divided in to  two par ts ,  namely: XIIa 
- tvlnrhadow arean of tho weatern ghats, hwiag mdrpendeble 8outhwwt r e r smal  
m i n f e l l ,  and fXIb - the .na lying outrida the rdnrhaQ* and hsving n l a t i v a l y  
dependable ruinfa l l  during rainy season (Fig, 11). Pigeoapu i r  primarily 
on two r o i l  typee; ( a )  the Entirola,  c a ~ p r i r i a g  tho allwi&l $oi l  belt of th. 
rndo6.ngetic ng ionr  of agricultural  rub-divieilon I ,  and (b) the Va t i so la  
c a p r i s i n g  ~ i c u l t u r a l  rubdivis ions  I1 and I11 ( r ig ,  12). & .arall u r a  under 
pigempea i s  on AVisola in Sou thm Karnataka and Andhra Pm#erh and eastern 
Hadhya Pradesh . 0 
$ 
Pigs pea i s  mainly g m  in India in  regions ly  
14 and 2 8 q  la t i tude.  In thin zone the  ran teaperat 
i n  the rainy aeason and 17  t o  220C in tha postrainy s 
northeastern India, although the s o i l  moisture i s  adqurrte t 
i n  =st years, the onset of the cold mather  fn l a t e  
the pawing mason. f 
Tho amount of daily glabal solar  r ad la t i a i  i n  pige0np.a @ w i n g  arras 
v a r k a  f m  400 t o  430 ly/&y during the  rainy reason and 38@ t o  430 ly/day 
i n  bra, postrainy seaeon. The amount of s o h r  radiation i n  t @  rainy ream 
i n  d o  central  Indian pfgmpea-graring m a r  is s m o n b t  lorsr than i n  the 
OthCr* 
Mean annual r a in fa l l  ranges betwnn 600 and WO an, 80 t o  800 of rRriah 
is mcaivod during the rainy season. The w j o r i t y  of the  principal pigeonpea 
g m d n g  araas in India am endowed with a dependable and high twinfall. The 
length of the gmwing semon extends f rao 120 t o  180 days. In the lxwr of 
lou and e r ra t i c  r a in fa l l  in Mahmahtra and Karnataka r t a t e r ,  tbr lack of , 
adoquate water on a continuous basis i e  a sculiaus obstacle t o  staDla pigoarpea 
yields . 
A major constraint t o  s t a b i l i u d ' a n d  i n c n m e d  production of pigoonpea L 
l ikely t o  be the  exposum of the  c r q  t o  abort-tam waterlogging, EffoFts 
should be made t o  introduce land and water a a a ~ ~ g r w n t  tsohniq-s that w i l l  help 
& a h  off excsssiw water from the f i e l d ,  
.. . . 
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. . lgure 11. Agricultural subdivisions o f  piponpea regions o f  India, 
Flqun 12 .  Predminant soil  types in  pigeonpea-grouinq rrglons of India. 
A g r a k t i c  a n a l p i 8  rhon that fa\ t he  s t a t o r  of UP and Uhr it would 
bs advisable t o  adapt detenainate L 2 d 4 y  pigmmpu typu. For the  c e n r n l  
and routham Indian rogioarr, wdim t o  Lngdura t ion  indr ter r inr te  types a r e  
l ike ly  t o  be mom sui table .  
A broad canparisan of the  c l i m t i c  a t t r i b u t e s  of t& pipanpea growing 
areas i n  India with a p o c l i m t i c  c h a ~ c h l r i s t i c s  of the  West Akrican region 
ohowad that  the  area with a 120 t o  180 &yr grouirq r u r o n  i r  l ike ly  t o  r u i t  
pigearpea cul t iva t ion (Fig. 13). This ass carpriser par ts  of the S u d ~  and 
northern Guinea bioclimatic zones. 
S h e  the  growth habit  of pigempea crop is ruch that  i t  dovelops ground 
cover slowly, intercropping it with cerular would be most advanf.geow f m  
the  view point of resource use, Studies on the l ightand-water we partarno 
of d i f ferent  genotypes in dive~rse envirmm.nts should be conducted under 
intercropping p ress rw,  t o  evaluate the efficiency of use of clirprtio resowcer 
2 .  Revised SAT maps o f  I n d i a ,  NE Braz i l  and Africa 
Gray (1970) i d m t i f  ied regions with 2-7 hmid montha on Troll's (1965) mrp a r  
suni-arids by canparing Tro l l ' r~  map with f ive  ICRISAT craps potting regions in  
India. In t h i s  map most of the  desert n g i o n s  in the  northwest India and th r  
no*herm par ts  of West Africa e t c .  were included under 2-4,5 humid montha zone 
i . e .  under dry semi-arid$. A humid month i s  defined as  rhr month ( 1 % )  with 
rainfaL1 (i?) exceeding i~o tpn t i a l  evapotranspiration (YE) i . e .  H X PC, In the 
canputation of humid months it appeam that  Troll  (1965) used teapera twe as 
a simple proxy t o  PI: ( 1 . 4 .  PC : 2T, T: average tsrmperature, OC). Because of 
t h i s ,  desert  regions with very low n i n f a l l  were a lso  included under dry send- 
a r id  zone . 
The revised SAT map of India (Fig. 14) i s  based on data f o r  about 300 
locations.  The r a i n f a l l  data were taken fran IUD (1967) publication and PC 
data have been given by Rao e t  a l .  (1971). Eightyeight percent of geogrulphical 
area of rndia canes under t ropics .  The regions wfth mean annual t empera tw  
exceeding 180C were ident i f ied  a8 t ropics  following Koppsn (1936). Dxy r m i -  
a r id  t ropics  consti tute about 57% of geographical area of India. However, 
pa r t s  of sub-hmid and hmid regions in B i b ,  U,P., U.P, , Orism,  Coastal 
b h a m s h t r a  e t c ,  with r a i n f a l l  amount >, 1300 mm a re  a l so  included i n  dry SAT 
(rig.  14). Most of the  pearl  mi l le t  and sorghum grouing regions of A . P . ,  
Maharashtra and Karnstaka m e  eliminated frm dry SAT and included under ar id .  
The revised SAT map of NE Brazil (Fig. 15) is bacsed on q t a  f m  180 
locations.  The ~ l i n f a l l  and PE data were respectively taken Prom Halylreavea 
(1973) and Reddy and Virraani (1981 1. Figure 16 depicts the  mean annual PC ' 
dis t r ibut ion over HE Brazil, PE is generally high ( X  2000 mm) over NE Brazil. 
The revised SAT map of Africa (Fig. 17) i s  based on the  Qta of 300 locr- 
t i ons  i n  West A f r i c a  (Vinnani st a l .  1980, Rddy and Virmrni, 1980b) .and 180 
locations from the n s t  of Africa (FA'AO),* ( F o r  & t a i l s  see Rsddy e t  a l .  1981). 
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e 14. Semi-Arid Tropics of India (revised 8s per Troll's approach). 
Figure 15. Semi-Arid Tropics of  NE Brazil (revlsed as per Troll's approach). 
Firplrs 16. M a n  annual potential  evapotransplratfon dlstribut4on over NE Braz l l .  
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Piq~~re  17.  Semi-AtJd Tropics o f  Afrtcs (revised as per Trbll's swr6tich). 
Climate fcum a oontinuu nryiw in tin and space. t o  rtudy rad t&l 
cll.rt.r of .p.cific uuu urd t o  rtuLly tbe u w e r  of climate v a ~ i a t i o n ,  n u r -  
riml c&r.ifi~tianr pmvide a fxuah approach t o  t h i s  quut ion.  T h e  i n  a 
uido rp.ctru of n u r r i o c l  mothob thlt aould be applied t o  c l i aa t i c  data on ' 
a g l c h l  s a l e  in aedcing haa?liuter for? rpecific stations. Uring prinoiprl  
ocrpaarnt u n l y s i r  it n r  t r i e d  t o  group b a a t i o w  in Xndia and Wart A f r i o r  
(Rodby aad Vinsani, 1981 1. Ihe c l l u t l c  a t t r i b u t m  w d  for  t h h  purpore mreo 
(1) amrage m k l y  ra in fa l l  (52  m k r )  and ( 2 )  woakly i n i t i a l  probability rrti- 
MNI with the lidt of 10 PII (S2 H&o). Figures 18 and 19 pnrant the nor- 
-Used f i r e  (21) and secosrd (22)  c q m e n t s  e s t i s w t d  wing  i n i t i a l  wet 
pFohb i l i t i ro  and amraga wekly ra in fa l l  data of 5 2  wwkr of 01 loeations in 
I d a  and Niger (Table 2 ) .  Aa shown i n  f i g w a  18  and 19 the two coaponantr 
(21 and 22) together ucplrin about 73 and 66% of variance n rp rc t ive ly ,  f t  11) 
evident hur bath these figurer that:  
1 )  high ra in fa l l  Indian stations are grouped with low r a in fa l l  , 
Niger r ta t ionr ;  
ii) single peak r a in fa l l  stat ions a m  separated fmm double peak 
r a in fa l l  s ta t ions  but tln magnitude of these peaks is not well 
differentiated ; and 
i i i )  in the case of r a in fa l l  e t a t i o m  with ringla peak, the regions 
that w a i v e  s l ight  ra in  in  winter (extreme NU partr  of India) 
a m  separated Prom the other s ta t ions  which dchot r.ceivr 
there r a i m .  
Hawver, there resul ts  ware alw achieved ewn with the monthly data in- 
nld of weekly data aad a L o  the f i r a t  two cauponents contributed 7 f i  of 
v.cIanee. 
The pr?oblan arsociated with the  principal caaponent uurlysir  is that th. 
e t a t i m a  with highly different nonvdLs or averrges a n  identified as  being 
r idlm. The cla6sificaticn or t h r  grouping of e n t i t i e s  larrkrly dependa upoa 
the choice of a l l  at tr ibuteo that me used in  the c l a s r l l i c r t i a r  of input.. 
Themfore, the  choice .of attr ibute# vhich explain the climate i n  l r a l i o t i c  
r a r e  i r  wry important i n  the grorrping of the en t i t i e s .  Efforts are  underway 
to  ddvelcp f i ~ t  the  lwthoQLogier t o  canputs a t t r ibutes  of a g r o d c  re1.t.m 
d c h  ucphfn the sg r~c l ima te  of the region. 
&lm 18, Principal c w n e n t  analysis results basedonweekly i n i t i a l  r a in fa l l  prob- 
rbtlfty data of  India and Mqer. 
Figure 19. Principal component analysis resul ts  bases on average weekly r a i n f a l l  data 
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Ni~xacf i~ l to lo~iQLJ .  8tudie8 busing 1980181 u4d m artaarfoa o f  tln tWurcb 
c o ~ a p r w a l l u t l m  dsrrfop+d i n  t b i r  ems wer th. p u t  t h  yum, ExminatlaP 
of the ralatiamhlpn hewn Bter :q tad  W&tiar rad dry.rttw productfaa by 
sari hua hru bean extended t o  worr both the rainy md postrainy rwbau, 5ur 
affrrtr t o  quurtify the crq, rrrpame t o  rnoisi~ m t p r u  i n c l W  this par 
millet fa addition t o  8-ua. I 3 q m b m a  ware in i t id  to a r i n e  the ru- 
poarae o# gmunbaut t o  mola tw lvrrvlalr wing a lfne eoum ~ ~ ! d a k k b  irrigatfau 
mcl the rrlpgaacd' ckickpu wing multiple w i n g s  md diffrmxttrl Fm,iga- 
t ime .  k d t r  of t h v a  hro rtudir u i l l  be nported #xt par. 
1. Efffclenc* of. converston- o f  f nterc tad 
I I 
- -  *) ::. . -. ... - -- -% 
War the paat two yearn, tbe productivity of d i f f e m t  cmpr/c~q>pi!q r y r t r  
was evaluated by arms of calculating 'growth e f f i c i m y '  M tb s l q r  at tin 
rrgmssion mk t ions t~ ip  betman amulatfrr Lntulcopted PPFD caril &ymttw md 
tha calorific valw of the c r q .  For e ~ ~ p l e ,  dwing tha rw muon of 
1979-80 it w observed that the gmrth afficicmcicrs of CSB-6 pd CSfl-I hgbridr 
+pmn at r Vortisol were 5.9 md 5.a rrrp.ctlvaly. This y e m  &tr wm &tabmi 
 KID tho tri- laid out during the rainy and pout~lirrp s-o$ t o  collect 
oongnvnt data aats t o  validate the mghua p w r h  nodel (s*), r detailed 
raaowt of  which can be found in Chapter I V .  
incltdod a variety SPV-351 00 whila the t r i a l  on the 
tiad t n a t m n b  of h i g r t i a r  and no irrigation. 
both wawma wa8 w a s w d  an a wasowl basis wing four trrvn#shg qurntrp 
86Mm ~ l d  nrdout int~gTUt0ra. 
1 
She nlstietlrhip betrmea cumulative intercepted PPFD and Qlp#tter p w  
dwed fas thr  t h e  sorghm gmotypas grvma during the rainy aura, 0 tb 
Vmilol i r  sbwn h Figum 20, The rlopes (b) of tka regmmbn equatioa 
f i t tad tq the o h r v e d  data wsn 0.65 g/E for  CSH-6 and CEfl-I end 0.M g/E 
for SW-351. drowth efficiencies wrr calculated Pran b mlswt, 4 ciLorifLc 
valua of 17.5 Y J l g  and a convamion f a c t o ~  of 4.6 trE per J of radiation. 
CsLcubtd grPwth rffiaisnciee nra 5.29 for the two hybrid8 and 4.58 fao? tb 
variety W-351. 
OKllVth a f f i c i ac im  of wvghu hybsidr C81-l md 8gi-6 glrown m tha A l f i -  
sols without b i g s t i o n  w m  5.3 and 5 ,I8 mspactivrly whib with brgltioa 
the aibficirncfer wan 4.6 and 5.08 nspsctivaly. h u q e  Mhu aft* 
t ima  cmtribkted t o  ~"irrt~~aoggfng i  tln higation tnatmmt rmd t b r  xotm- 
loaging rpprgrld t o  have affected thr p w t h  df2cialcp d -8, krdLtn 

o b t . l ? n d ~ a ( 1 9 ) 0 4 1 ~ ~ ~ 0 0 ~ V ~ Y S L Y Y l J J ~ t h  
t h e g # r r h o f f i & a w y d e s b O h y M d w m a ~ a b o d r o U . , Y U 1 . t h a  
rraultr oi 1979-80 trinJ wuao r2#lnd ~ f l a m t  difhmm in dbr g m e b  
d f i s l i a w r y o t C ~ ( ; n m r a o t b r m r o i l m .  
107940). ~ ~ t b o 1 9 3 O n i a y r u # a b w t o w r l f # r L p , ~ e o f  
~ r n t b o V m L o k o a a Y m d 1 2 ~ y c l k r r t o k , a t b . M f l -  
~ ~ , ~ l w n ~ ~ t b r i ~ ~ ) r r l ~ n u r # ~ ~ ~ t l w ~ t i r o l r o o c a t s n l  
12dayrmPlibP. E a , l y r # l t i m D l y r a w S g r a a t b # ~ m w d t o h n a r r r -  
f i o r d  .n a d w t q a  during %OW misty nmm crmridrflq up.ciaUy the mod 
f r a  10 A w t - 2 2  Wt wbrsr 211 r oi mhWl ws ~ i n d .  h v y  rciDI 
dur?u thir b day parlod GIwd taporqy rt.pkrq:&, 8poaklljy i n  tbe V e i .  
mlr which afhatd th. e q  pwtb nte. &apgrr*rT, ntrr aa tbr V w t i r o t  
4 vrrJt mior to 10 A- 28 ht/drg, But W ll bqor t -27  t?n f 0 # R b  N ~ O B  d ~ m  t o  7 I/. QP th. Alftnok bornvr t b  
-to8 m o d  at 17 1h2/&y troll 19 Alrl;urt-2 fbp#kr. Thh  admatap i n  par 
rmr wr m i e d  tkrwyh tb pwiq #war to  p b y o i o ~ l a a l  u t w i t y  wba ttn 
fins wtor pmdwtia, wrr 1251 1/82 a the AlfW rblh m t& Vn?ti.oL 
it mr U29 
C u r U t i r r  bteraepted ??FD - & y ~ t t e r  n k t k w r h i p  f o ~  hro s o a m  
#m&ypea M45-1 liad CBO4-R q#ro with md w i t b u t  imi(daa dw- the 
graotjrprr. Home tbr &a rham la FQw 21 am pa, 
typo0 tm t& imigatod aad naiimtgatod truhatr. 
xbr two wu 8.N witb iwi#atiol3 ad 2.W ui 
air ia imoy o h w e d  dtrrirq tha miny n u o n  6 t h  hlrbr 
vei-  w-851 .  
Then data rbow 
rdiwed by d n y  ramon avrpphg u 
Obuavrrd pmt.b 
rtdi.r o w  tbe paat tbrw -0 w i t h  3w.J.8 of 
r t u r r r t r r u r h a m d t l b # t p ~ t . y 1 ~ M o h u ~ ~ ,  d 
ULt~ir? tmpemmme dwammtia mad V t i Q L  OQOId k (bYa6ttrr1,y U.d 
t c r q ~ U y O & a l r h a r r t n u ~ t r o t 8 ~ .  ~ t l w p o r n r i a  
u l l l # o f i 9 l O l W ) ~ . 1 ~ r c a s d o p N d a e a o ~ ~ i * o . ~  
and W S 4  et&jaatd to hro #i*tuu trwbwnto i.r., adqtmta q- 
ub#? and l h i t r d  rulgplmmtrtol ntc* 8taDtr l  oabuot.#. -t8 L, 
t i n W ~ ~ ~ t m m ~ U r b a r r d t M t b r g e P b t t r t r ~ u r r J l u t h . m @ t o Q  
ob~iatkr tcut lJmadwtumbowaeatJntv6t lYIbYWIInem 
~ h t & ~ 0 f C S l t - O 4 u ~ t o W 4 6 ~ 1 ~  C0644.llw 
r r p a r l ~ k t b r w h t r a g l o r o f ~ k d r ~ p a t u k t b l r r d ~ t m n 8 -  
pimtiar. 
M -35-1 Ivl ) 
0 M -35-1 [Non-~rr lg )  
ACSH- 8 ( I r r l g )  
4CSH- 8 (Non-frrlg) / 
A 
a 0 
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C w l a t i v e  Intercepted PPFO ( ~ f  nstef nsld) 
Figure 21. Relationship between cumulative intercepted PPFO 
and dry matter produced for two sorghum genotypes 
grown durtng the 1980-81 post-rainy season. 
The &bow tlcp.rhnt uu rvputed &$rtg ebr portr*hy  rue^ af 1 B B O 4 I .  
IR addition t o  #a two ptwtypea rhrdk. -4 lOA40, C811-S. r mghm m d  
nann8lly gnmr b f n g  tbo zwiay wuar, #r Wrd.d. T h  amp nr mm o 
SO Octabor 1BBO md w e w e  o c d  on 18 Om* wlth an #S r lrr5.gotioa 
g i m  a, 1% OotawF t o  m w  * pFoiila mdmm. four 8 lqp1ta l  b*- 
t l o a r ~ ~ l a j 7 b , 7 8 , ? 1 s a d W r , u n u I f ~ t o ~ h Y ~ n c r i v l y  . 
d r q u t e  mta!  G d d  t o  u A 1  rt 10, 20, 81 d 70 DAE, ik tnrtwot 
matviag 1Wt.d a#mt of wppfuat.1 ntn, (nhend t o  u $1 nr g i m  no 
M w t l a a r  w m r i a g  60 and 85 n a t  10 I#I H ME Mp.crthciJI. 
S W h g  fmm bO DAE, &ill u w r a t r  af .t-tcl wdtmame, v i -  
awtiar, leaf mb air tarprmtww wrr* t rkm L a l l  tbc pllotr till Uw trmp 
IYCM pby~iehgioa l  maturity. S t c w t d  emdamtame cmd tmapimtion n m  
murrd with clo Ll-1600 s tudy  r a t e  -tar an th rppmwat, fu l ly  e x p d ,  
W y  q m d d  led.  I*rf trpnrnavr rrm rurmd w i t h  8 kQIlr InPrrnd 
tkrrartm rab & t a v t u r r r  wau w . M ~  d t b  an k.llll n a y ~ t . ~ .  
tuf-ab tarprivtun difhnathl  (UTD) w u  dauktd fba tba dUfauux 
ktrwn Iwi aad rip trprrvtr~u ..asrPrd oob thy. Ia order do fac i l i t a te  
ampmiran b o r n  d i f f m t  t m a t n n t r  , curml.tiva v8lur8 of tnnrpirutica, 
l8af amductam and UTD wwe caputrd fra tbr brilf valuer mtwting fMI 
W DR t o  phy8iololrjorl uuturity. 
CouLatlve LATD for the thnr gonotype8 ir rbaa in  Figwe8 22, W )  uad 24. 
It ir  f n t a v n i n g  to m t i c r  that atbough ttvrhrnt A -fwd 71 r ddf- 
l d  tupmtum r w y a d  m r  th. mrasunrnnt p.rM #8 the lust fad CSU-8-R 
Wand by %35-1 a d  CSH-6. 
8txmt.l oaaductrnce nraaaumd in th* thm peaotyp.8 on a chi4 W i r  war 
nrr4 ovw rhe warummnt puliod md r u o r v l  c h r y r r  in the cmuhr i t n  #to- 
r ta l ,cduc#nar  are shawn in Figurer 25, 26 a d  27, LLtghirt cwuht iva  
rtasrtrl cao4wtmcs of 51 cm/rw was recordad ia W-4-R under tmatmnt  A 
whUI for C 6 W b  &ad 1-35-1 it ma 41 and 44 m8poctivsly. It ir a p m a t  ira 
tb suuamrl 4hanqea that hybrid CSH-8-R ru able t o  m8ht.h rtqltal 
conducturue Plcili tating Lcn r sad  grraeow axdmgm, Tha upJiM. of tb ' 
di f fe race  be- MlfPrrrsrtr A .nd B r h o  lJvnrr th r t  CIIEIS-R e i t a  tbr 
doairable chiIwctrrfrtic of r toar t r l  adaptation t o  n t m  a h ,  Thr ada) oaP 
t b i 8  cdiptrtien could br u CSH-8-R > CSH-6 > H-$6-1 by th 
a v m g e  level# of r t a a t a l  coaduotanca per day of 0.81, 0.80 Prd 0.58 m/wc 
in t n r t m a t  A aad 0.51, 0.53 and 0.41 aq/#eo i n  trvrtwnt B faz,C88-&.R, 


































































'Igure 25. Cuaulsttve staatal conductance for sorghum hybrid CSH-8-R g m  under k 
l o l S k r 0  regims during the 1980-81 pastrrlw season. 
Dsys After  E~teqence 
Figure 26. Cumulative starnatal conductance fo r  sorghum hybrid CSH-6 grown under 
two mistrrre  regimes durjng the 1980-81 postrainy season. 
y'.-. +. - - I 
0 25 30 i 0  sb 60 i 0  k do 1 ~ 7 8  
Ws After E ~ q e n c e  
Flgure 27. Curaulrtlvestunatal C~nduCtance for sorghm variety I4-35-1 g m @  u w  Q# 
mlsturt regfmes durlng the 1980-81 gos&mlqy scrm, 
Significant Offfsrance@ i n  the wu+tal adaptation t o  m i s t w  ntmra  could 
ba seen i n  thc crtprulative t w r s p l m t i o q  n t s e  (Table 3 ) .  Under adaqwtr  water 
supply i n  traatlaant XI, highest tmwpfPation mtap warn mcorded i n  C S H - 8 - R ,  
I t  follows from sitoaetal adaptation mrfronsss dfscusasd atrow that  C S H - 8 - K  
should s h w  the m a x i m u m  reduction i n  t r a n a p i ~ t i o r i  tvtw hEollcued by Clitl-G and 
H-35-1. A v e s z p  tmnspirat ion rat- p.r dry shown i n  T a b b  3 amply aubr t ra t l a t s  
the s tms induced eikptarion a b i l i t y  of CSH-0-It. I t  w i l l  be p r t i n s n t  t o  point 
out here tha t  tr'tnnsj-.irdtiun mta i n  of water t rnupimd/cm*/s@c wen manurad 
on the u p p m s t  l e d f  i c  each genotype@. Since the maximum LA1 mcatdad it] the 
three genotypes w ~ s  t i iffelant,  une 'ueful way of intsrflmting tlw t ~ l w p i r a t f o n  
rat68 m e a u r ~ d  on :he to;] leaf i n  t e r n  of carropy rasponus i a  t o  computa weighted 
t ranspirat ion m t e s  fxwn rnc average trulnspiraticrn M t e s  dhown i n  table  3 uaing 
the faaximum !A rccordad f o r ,  each ganotyp.  interest ingly,  tha waightad tram- 
plmt ion  mtes show that of the t h m c  genotypes tcoted, E H - 8 - R  only wdlli &la t o  
show adaptation t o  s t r e s s  by cut t ing down the t rampi ra t ion  whilr CSH-6 and M-35-1 
show i n  fact  incredsrd t rampirat ion undor limi tad water appl lcat lon,  I t  1s alao 
apparent that CSH-b w a  t ~ n s p i r i n g  mn! water inspi to of a low LA1 of 1 .08 ,  
Table 3. Tvampiration dnd t ranspirat ion eff ic iencies  of thraa sopghum genotype8 
gzawrr wl~Jrr two m i a t w e  rwgimeb during tho 1980-81 lrcxstminy mason 
dl ICkISAT 2cntsr .  
l .Measure i r rn t j~r ioc!  b j  5 9 51 45 7b 76 
( ddvs ) 
2 , C u n u l a t i v c t r a n s -  tr85 405 559 346 541. 44 a 
pi rat ion 
(ug/~rn2/sec)  
5. Weighted trans- 3.68 2.67 5.99 7.11 2.48 3.02 
pirat ion 
6. Transpiration e f f i -  163 146 J.66 14 3 189 140 
ciency (gm of dry 
matter/g/sec) 
7. Transpiration eff i -  89 62 84 66 73 38 
ciency (gm of grain/ 
g/sec) 
m n  th. total d r y w t r r  pcrziacukd at pbgria;LqicJ. rtprity, fkuS pdtt 
yield anU cuwlltive ~ i m t f c a ,  tna*pis*tlwr *ff%at*arrb fin arkuLrtd, 
Since the Crrnrpi t r t ia i  n t e r  nn *umrrd ca ly  fwm 43 ME, orlcuhtd n?mcc- 
pitwtfon efficlrncy valurr &auld anly k nprdd u qpmnht* anmmm. Aa 
sham In table  3, n u W  r m n s p f n t i o a  effid.oc]r ia Qlprttm pmducth in 
the t r r r tnant  receiving adequate m t a  ulu obraprd in thn mar of M-35-1i 
CSH-6 and CSH-84 did not shw any r f g n l f l u n t  d i f f i r a c e  $a tb tMarpfmtioar 
efficiency, Undar stnrs,  harrvar, CSR-8-R s h d  msrgiml i n c m r e  iltl txun- 
piration a f i l c imcy  over CW-6 and H-35-1. 
Caroidrrabla Sntereet in  evaluating the genotypic differoncar i n  transpi- 
~ t l m  efficiency ralate8 t o  grain y ie ld .  Unlike tha rusulto O k a m d  a h  
for drymstter, t ranspiration ef f ic imcy in grab yield was a tpa r im in care 
of CSH-8-R and C S H d  in  canparison to  W-35-1. Mom st r ik ing are the differarcas 
in t r ansp in t i an  efficiency between the  thme genatyp.8 under limited water 
application. CSH-8-R and C5H-6 showed e f g n i f i c ~ t l y  higher trcanrpimtion ef-  
ficiency over H-35-1. 
The relationship of t twsp i ra t ion  t o  drymatter a d  w i n  yield pooled over 
the three gwiotypos is shown in f'ipuzvr 28. The data shar tha t  4 t h  decsslw in 
cunulatl va tranupiration i"rm 685 pg/an2/sec t o  346 vg/co2/sec, $ha drymattar 
decrclarsr to l inear .  Hawaver th relationship betmen curuliatlvs~ t r a n q f r a t i o a  
and yield is not line-. The data i n  Figure 28 show 
v g / a s l / ~ e c ,  the decrease in yield with transpiration 
decmaaa in  transpiratfan t o  350 ug/ca2/8ec did not ohow 
dec r saa  i n  yiald that  was observud for  the cumulrtiw tr 
b e t ~ e n  700 and SO0 ug/cm2/r6c. This nature of the mlat 
t i m  t o  d r y ~ ~ t t e r  and grain yield shown in  Flgun 28 is n 
whan data a m  pooled over different genotypes b c a w e  
betmen di f femnt  genotypes. 
. ThOa studiar, ahow that  plant-water rolationo of d i f femnt  wmqpat could 
ba usefully moniterad fo r  meaningful intarprotation of plant se t o  avail-  
able u a k r .  
3 .1 .  Raponse . gf - 1 earl mfllet to mlsture stress 
Over tha past three years our e f fa r t s  t o  quantify the  moirhuv r t m r r  rsspouoe 
of crops were mainly limited t o  eorghrrm, In order t o  understand and quaatify 
the effaet  of t i d n g  and duration of s t m a s  on tha grwRh, water m l a t i a n s ,  
nitrogen uptake and yield of mi l le t ,  a atudy was ca iduc td  by the  A g r o c U t o -  
logy, Envimrnaental Physics and Soi l  F e r t i l i t y  r&pl.ogrmaa during the srmar 
aeasons .of 1980 and 1901 on a madim deep Alfirol .  Hi l le t  variety BK-580 wtn 
plantad in 754x1  row oa 24 January durfng t h e  5980 t r i a l  and om 5 February' 
during the 1981 t r i a l  and eracrrgsnce occurred ar 30 Jan- and 10 Februmy +* 
the m s p c t i w  scarars.  In both the yearn tha tmrtraents laposed m tha crc@ 
in  a spl i t -p lo t  design with thme mplfcat iavl  WBCI 8s falknrr: 
Main plot (k  a o i s t m  regimes 1 Sub-plot C3 Uih*>IEQI l.rrab) 
M I  - Irr igation eveq 10 daga N1 - 0 kg #/%A 
W2 - Two i r r iga t ions  a t  the  time of N2 - 40 kg W / h .  
petin f i l l i n g  
500 --5\.i-.- . . .6do 
- --T- .- 
3 !I *r;i7 450 640 
Cumulative Transpl r a t  ton (vg/cm2/sec) 
Figure 28. Relat ionship o f  t o t a l  dry  matter  and g r a i n  y i e l d  o f  sorghum t o  
cumulative t r a n s p i r a t i o n  (data pooled over 3 genotypes), 
B3 - Two h i p a t i o n e  a t  w l y  vegetative 113 - BQ kg #Am 
grarth stage 
B b  - T w  imigationr a t  the tia* of 
f la#ring 
Irrigation schiduh in d i f fennt  t n a t ~ n t r r  is shown in Tabla  4. 
Tabla 4, Schedule of irrigation applied t o  millot crop under d i f f enn t  
mol s t w s  rsgilarr . 

































brsuroments of M I ,  leaf number, drymattor distribution in  different 
plant cgrapotlents, and so i l  water wow M& on a w k l y  basis t b u g h o u t  tho 
two #rating seasons. I n  the 1901 growing season additional m e a s ~ m t s  of 
canopy ~onductance, t rwspirat ion,  leaf tanpemturo and a i r  temperature m m  
made in sll the trwatments t o  understand the plant-rrater rolatians. 
1980 grwln. season 
-
The e f f w t  of irrigation and nitmgen levels a t  different $Iwsth rtagar an 
the leaf production per plant is shah i n  F i g w  29. Undw fmquent imiga- 
tions i n  treatusnt H i ,  wlmm leaf a h r  psr p h t  war, obeerved at 46 RAE 
a t  the highest nitrogen application ra te  of 80 kglha. Two larppleumtal ixlli- 
gations during the early vegetative growth a31 f a v d  bettar leaf p - t h  
in compaciscm t o  tuo supplemental imigations a t  the time of florn~fng (H4) cd" 
Figure 29. Leaf productton in millet grown under different molsture re- 
gimes and nltrogen levels during the 1980 sunmer. 
a t  grain iilllng (?!2), SignLPZcant rarpoares t o  applied ainPgra u a r  noticed 
i n  t m a t m m t ~  H i  and n3. Qplica t ion of 80 kg N/ba dKmd mqmnm in t b r  
cam of twtmcmt  H2. 
Oebylng tha aupplmental i r r iga t ions  till Plowring aa in  treatment M4 
resultcad i n  r delay i n  the attainment of maxlana l c r f  amber  by rbout 8 duys 
a5 caaq~rad  t o  thc  othim t r r s m n t s .  This did not however happen i n  t rea t rant  
M 1  where the ififgatfunti wem delayed till p a i n  f i l l i ng .  These data s w a t  
tha t  once f lmr in l r ,  l e  c q l e t e  and grains s t a r t  f i l l i n g ,  leaf prvduction is 
complete in mi l l e t ,  
Change# in leaf area index of millet  with time (Fig, 39) follow a p a t t e n  
more o r  laon similar t a  Leaf production observed ~ a r l i e r  with treatments IU and 
H3 proving aupcrlor to  M? and M 4 .  With an adequate nitrogen supply of 80 kg /h ,  
millet  crap undar treatment HI was able to  maintain a higher leaf ama index 
till 62 DM. This w a ~  not true howaver under th. other two nitrugen levels.  
LA1 patterns obaarwd i n  Figure 30 suggest a strong moietmi x nitrogen Inter- 
ac t  ion i n  mi l le t .  
Ikymrtar  distr ibution pattern in the leaf ,  leaf sheath, stm, haad and 
gmin component$ of millet  crop under different traatments in  th* 1980 growing 
seaom Sa shown in rigures 31 and 32, Maxiram dryra t ter  accuaulQtion was 
observed in treatmcant H1 a t  a l l  levels of Nitrogen. The response of millet  
t o  nitrogen In toms of increased drymatter accumulation is ev idOt  a t  both 
levels of 40 and 80 kg N/ha. Host significant ef fec t  of moisturd s t r e s s  L 
appaxwnt i n  treatment M2 where the i r r iga t ions  have been withhe14 till v a i n  
f i l l i n g  @tag@. Maximum drymattar level  as well as its distr ibut&n among d i f -  
ferent  oomimnenr:: indicate that under moisture stress mil le t  shoyp l i t t l e  
response to  added nitrogen. This conclusion with respect t o  nitd@gen response 
is a l so  vdLid undcar t h o  other two moisture regimes aZso aa shown n Figure 32. 
rwigat inp the millet  crop during the early vegetative growth st 3 e (trt.!43) 
promoted improved drymatter accumulation in  t h e  l ea f ,  leaf sheatwand stan 
ccmponents. For sample by 50 DAE to t a l  drymatter accumulation & treatment 
M3N1, wm about 180 R/m2 while in treatments X2N1 and H W l l  the  t e a l  Qymattez 
accumulation was mly  70 and 100 g/m2 respectively. In terms of #aximum dry- 
mattar a0cumulatfon however by 73 DAE i r r iga t ing tbe millet  crop a t  the  time 
of early,  vegetative growth or  a t  the time of flowering yielded sirr i lar  responaa 
a t  a l l  tbcn nitrogen levels .  
G r a b  yield response of millat  t o  i r r iga t ion  and nitrogen l eve l  during the 
1980 Junnsr i s  shown i n  table 5. Mean yield f o r  the  moisture r e g h e s  over the  
nitrogan levels  shows that i r r iga t ing the crop every ten  days gave significantly 
higher yit.jrls over the other t h e e  moistum regimes. This conclusion is also 
valid for the canparison of moisture regimes a t  a given nitrogen level .  In, 
t a m s  of t h e  r e l a t ive  yield advantage attainable by two supplemental h i g a t i a u  
a t  selected physiological stages,  man yie lds  o m r  the n i tmgrn l o m b  show tbat 
i r r iga t ions  a t  aar ly  vegetative growth o r  a t  the  time of flowering rasul tsd  h 
significantly higher y ie lds  as c-d t o  i r r iga t ing  a t  the  t ime of g d n  f i l -  
l ing.  Howsver, a t  any given rdtxwgsn level ,  t he  LSD values fo r  c ~ p p g i m n  d 
moisture regimes rhow tha t  them is no significant d i f f e l anw between th, H2, 
H3 and HI, treatments. Mean yield for the  t h m e  nitrogen lewle w a r  th@ four 
moisture regimes showed no advantage of applied nitwgen. 

DAYS AFTER B(DIC;ENCE 
-fl-* +- *&.%I*=- - - - 
ffgi~re 31. Dry matter distribution pattern in mlllet g r m  under different moisture regimes 
md nitrogen levels during the 1980 surmer. 
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Tablm 5 ,  Grain y i e l d  rarpmse of n L l l e t  to h Q a t l 6 n  end nitragen l8vela 
during 1960 srs~a#rr on ra ALPiml a t  ERISA? bator, Patmnhrru. 
Nitrogen 
Leva L 
Neaa for n i t m g e n  
l e v e l s  
N 1  
N2 
N 3 
Means f o r  
moicrtum 
mgimus 
Overall mean: 1016 CVO whole p l o t  : 16 tV$ sub-plot: 20 
Nitrogen l a m l s  
Moistun? regimes 
Nltrogrn l e v e l s  in  a moisture regime 
M o 5 a t ~  mgimaa In a ni t rogen l e v e l  
RlkPults with respec t  t o  f i n a l  s t r a w  y i e l d  ( t a b l a  6 )  a l s o  4a t h a t  irri- 
ga t ing  rhe crop @ w r y  ten  days gave a s i g n i f i c a n t  msponse w e r ' t h e  a t h e r  mof$- 
tura r(ril.tmrs. There was no s i g n i f i c a n t  differan-  among t h e  thl)se moisture 
regim# M 2 ,  M3 and M U .  Caaparison of mean stlraw y i e l d s  f o r  t h e  t h r a e  n i t rogsn  
leve l s  shows t h a t  i lpp l ica t im of QO and 80 kg N/ha proved s u p e d o r  t o  d-m 
a p p l i c s t i o n .  Application of 80 kg N/ha gave a s i g n i f i c a n t l y  h i l h e r  s t raw y i e l d  
over ng n i t q e n  appl ica r ian  when two s u p p l e m n t a l  i r r i g a t i o n s  wela given a t  
t h e  e a d y  vegs ta t fve  growth s tage  (H3). Nitrogen appl ica t ion  -tea showed no 
a d v a n t 4 e  f o r  t h b  moisture regimes H2 and H4. 
1981 g W n g  season 
&fore  d i scuss ing  the  r e s u l t s  of t h e  1981 sunaar  q e r b e n t ,  it w i l l  be a p p q -  
r i a t e  t~ point  out an anamoly i n  t h e  g m h g  saksaa envflurllarent. As lo.ntim(hd 
e a r l i e r  millet crop was sown on 5 February and urco?$mce OCC- an 10 f-
The t re l fnmnts  Wl and W3 received supplsmantal h i g a t i o n s  a~ psF tb a~- 
given in  t a b l e  I( t i l l  11 March 1 9 U  (29 ME), On 1 2 ,  13 and 14 M m h  m i n f a  
measuring, 39 mm vss recaived.  A supplemental h i g a t  ion was g i m  t o  tna-8 
IS1 and If4 a s  per  schedule on 21 W c h .  Again on 22 and 23 March 38 rn o f  m* 
f a l l  occurmid, Observed r a i n f a l l  a t  this t h e  of thr yur is vary ucttt~rvli u 
the p r o b a b i l i t y  of even 5 ma i n  a 7&y period k less than 15 paroent  W 
t h i s  period CVirmani st al. 19781. In order to  obmrm the m8pmse of & 
t o  t h i s  mid-aeascm r e i n s  and a l s o  t o  p r w i d e  a capmison d t h  the &t8 
obtained In t h e  1980 suamar growing season,  imigations wan continued pqp 
the schedule a f t e r  t h e  r a i n s .  
Table 6 .  S t r ~ v  yield msponae o f  ldllrt t o  I r r iga t ion  and nitrogen l w l a  
dming 1980 sumasr on an A l f i w l  a t  ICWSAT Contar, Patrnchrrm 
Hoist-IJN n I n s  Mean £01- n i t rogm 
n I ** - .  u 5  n4 leva1 
Nl 18?7 670 873 880 1075 
NZ 2599 705 1157 1033 1371 
N 3 23Q!' 681 1252 1047 1332 
Ueans f o r  moisture 227Q 685 1094 483 
regimes 
Overall mean: 1259 fl0 whole p l o t :  18 0" aub-plot : 14  
Nitrogen leve l s  72 
Moisture regimes 283 
Nitrogen levels  in 4 moisturn regime '1 411 
Moisture regime:; in a n i t r q e n  leve l  30 7 
Unseasonal w i n  f a l l  observed in tho 1981 s m e r  grow in^ season led t o  
crop responses t o  s t re63  that  were unusual  dnd different  from the roeponses 
observed in the  previous growing beason. However, therie m s u l t s  permitted us  
t o  draw some general izat ions on the  response of rnl1le.t t a  water n t reas .  
Seasonal changes in  the loaf nwnt~er/plant f o r  the f w  ~ O ~ O ~ U M  twatmenta 
a r e  shown in Figure 33. Rains around 30 and Q0 DAE lad t o  leaf  p~oduc t ion  pat- 
t e n s  tha t  were more o r  leas  aimilar  between d i f fe ren t  treatmrnttr, h t t e r  
moisture environment during the  1981 growing season resu l ted  in higher leaf 
nwnber in comparison t o  leaf  production duriw, 1980 uwnnar. Maximtnn leaf n m b w  
was almost same in treatments M i ,  M3 and M4. Because of supplemental l r r iga t fons  
a t  the time of flowering a t  a high n i t r g e n  leve l  of 80 kg/ha, leaf  n m b c r l p h n t  
was maximum i n  treatment H4 as  in  treatmntM1 even a t  50 DAC. 
As with leaf  number, LA1 of mi l le t  was higher during the 1981 gmwlng oeason 
(Figure 3 6 ) .  Treatments U l ,  H3 and M4 were on par  except t h a t  i n  M4 the &cl ine  
i n  LA1 o c c u m d  a l i t t l e  e a r l i e r .  Responses t o  applied nitrogen were maxfmwn i n  
treatment M 1  and U3. The strong moisture x nltlvrgen interact ions obeerved during 
the ~ r e v i o u s  season were not evident during the  1981 growing season. 
Drymatter accumulation in d i f fe ren t  plant  canponents of mi l le t  under d i f f e r a r t  
t r e a a e n t s  is s h m  in r igures  35 and 36. As in  the  previous season, maximum 
a a c u ~ u l a t i o n  of drymatter occurred in treatment Ul a t  a l l  l eve l s  of n i t rogm.  As 
opposed t o  the  r e s u l t s  during 1980 srrmner, two aupphmental i r r i g a t i o n s  given a t  
tha  :ir of flowering resul ted i n  maximum drymatter accumulation aa compared t o  





CIlRULtive &&-air t e q m a t u m  d i f f e ren t i a l  of millet ursdrr tha four 
moirtura ng i rwr  a t  the  n i t rppm 1-1 of W k g h a  f a  shown i n  Figum 37. 
Tho ~ ~ ~ n t r  &pict  &tr taken f a r a continuow pried of 15 day8 f r a  
16 March (3b DAEI t o  31 llrrch (49 DM). T m a t m t r  H l  md M3 moeimd trno 
s u p p l m m t r l  iwigat lor i r  a, 2 Harch m d  11 Msrcb p r i e r  t o  those warrummnts. 
During the period of there u a a u n a c n t s  Hl aad U4 m u t i m d  rupplawntal  irri- 
gations an 21 U r c h  and 30 k r c h .  
Data i n  Piguro 37 s h w  c lear ly  the influance of d i f ferent  moirtum m- 
gimns on the plant rasponse under an adequate nitrogen supply. Two days p r io r  
t o  these rawruruumnts, minPaU mna~urfng 39 ma occlumrd, hmce the tmataunt  
differences wem not a p p w n t  till. 4 day. a f t e r  tho rnuuromantr s tar ted .  
Treahwnt Hl nco iv ing  ruppluwntal  i r r iga t i cns  e a r y  10 d 9 8  &owed the bsst 
effec t  of moistwe r t r s s s  M the cu ruh t ive  UTD n s  conr i r tent ly  louer. The 
marly advmtago of supplemental i r r iga t ions  given t o  treatment l43 lasted f o r  a 
period of 20 days i . e . ,  till 48 DAE ( jus t  around the  ti- of f l a t w i n g )  by which 
time t ru tmvn t  U4 ahawed superior msponaos t o  a d l a b l a  water ry indicated by 
the lmr  WTD. A sharp contnrrt  i r  prwided by treatmoat H2 wMch showed con- 
s i s t e n t l y  h i g h r  LATD indicating maximm s t m a r  e f f ec t r .  
Stomata1 conductancc and t ranspi ra t ion  data of mi l le t  undo& different  moia- 
turn rogirms a t  the nitmgen level  of 80 kg/ha f a r  a e h c t e d  days, are shown in  
Table 7, When these data are  examined in  the context of the  irt$gatim echedule 
in  df f f r rant  trratmentn ( table  b ) ,  i t  is apparont t ha t  mi l le t  sws a signiffcan 
adaptabi l i ty  t o  moisturo s t r e s s .  Under s fgn i f i cmt  stress till April, mil lat  
in traatnant H2 showed a s igni f icant  a tanata l  c l a m  and mduc d .on in transpi-  
ra t ion .  The recovery due t o  two supplsmental i r r i g a t i m s  on 9 ril and 10 Apri 
t o  treaZmrnt M2 i e  indicated by improved s t ana ta l  conductance a 8 t ranspirat ion.  
Similar a r e  the responses observed in  the case of treatment H4 Q 25 k r c h  and 
1 April a f t e r  the  eupplemntal  i r r iga t ions  on 21 Itarch and 30 Hech. Signiffcan 
reductions in s tanata l  conductance and transpirat ion of mi l le t  25 Ha.& til. 
rnaturitj w m  observed i n  treatment H3. a 
liwl yie lds  of mi l le t  under d i f ferent  t r m t w n t  ( table  8) bveal m e  
i n t a m s a n g  f e a t t m a  when compared t o  r e su l t s  of 1980 ( tabla  5 ) .  Ow n o t i c d l  
feature 1s tha t  the  ovenall mean y ie ld  during 1981 s m r  ms 23119 k g h  while 
i n  1480 it was only 1016 k g h a ,  This improvement could be aole ly  a t t r ibuted  t o  
77 mn o$ r a i n f a l l  dwing 1981. Treatment Hi gave s igni f icant ly  higher grain 
y ie ld  mly o m  tmatarant M3 but not over tmatllldnts H2 and UC. The mmcxe for 
t h i s  reapmar am apparent when the length of t he  dry period i8 e w d m d  fo r  
the  three b w t m s n t s  U2, HS and HQ. In the case of treatment H2 t h a m  wsVs 
17 day drp r p l l  befare the  r a ins  and another spU of 15 days b t f m  the two 
rupplcuwatrl i r r i ga t ions  l a t e  in the  grculng seaam. In t r r a tmmt  M4 t h e  dy 
-11 of 17 days before m i n e  waa followed h m d i a t e l y  by ra ins  and suppInrnt .1 
i r r iga t ions  and then there  was 27 day dFy spel l .  In  both H2 and MC, the length 
of: dry spell a f t e r  canpletion of flowering was short. Hmmmr, i n  trsstmmt la 
a f t e r  the  second -ins them was an unintemvpted 3((-day dw s p e l l  which m8t 
have affected gruin f i l l i n g .  

Tabla 7. Stmtrl caduct.a*lr a d  twsspintlan et rL1L.t ~IVP p#m md.F 
diiferunt moisture zvglarcr at: 80 kg W A a .  
Data n i n2 M 3 114 tmd.  Trmsp. t a n d .  Transp. t!ond.Trmup. tood. Trcaep. 
Tabla, 8. G ~ a i n  yie ld  response of millat t o  irrigatirm md nitrogen l w e b  
during 1981 sunnner rm an Al f i so l  at  ICRISAT Canter, Patorcheru. 
Moirrtu~a rapims Mema for 
7;r;T 3l-F 7E n i t r o e n  l eve l s  
N 1 2b16 2219 1718 2167 2930 
N2 3167 2148 2122 2U93 2483 
N 3 2711 2411 2248 2600 2893 
Maan for  moiatura regime 2765 2260 2030 2420 18 
d 
OvaraL1 means : 2369 Cv$ Main p l o t  : 244 CV$ sub-plob: 11 
,> 
, 
Nitrogan leva Is 
noieture mpimes 
Nitrogen l eve l s  i n  a moisture m g i m  
Noistura reglum in  s nitrogen l eve l  
Smrv yield rarponms of millet (table 9) ahow that  the traa'cnent H3 gave 
significantly lower strow yir fd  vhrar cmpamtd t o  tmatsenta  Hl and H4.  Then 
was no significant difference beMan tnr tnmnts  U l  and H4. Excapt for t r aa t -  
amt Ul, them war no respaare t o  applied nitrcgen, 
T a b l e  9.  S t r s w  yield msponaa of d l l e t  t o  i r r iga t ion and nitrogen levels 
during 1981 oMlllor on bn Alfirol  4 t  ICRISAT Center, Patancheru. 
Nitrogen level Hoisturs m irnelp Means fo r  
- 1 -  -6 Nltm~en1ev.l. 
N 1 196q 1489 1124 1892 I F 1 9  
N2 3650 1350 1144 1824 1742 
N 3 2234 116f' 1031 18S7 1570 
Nitrogen f a r  moisturn -imps :?BS 1335 1100 1854 
Overall mean: 16k3 TV$ Main p l o t :  14 CV$ $&-plot : 20 
Nitrogen levels 
Moisture regimes 
Nitrogen levels in a moisture mp,ime 
Moisture regime i n  a n i  t r o ~ e n  lave 1 
When the resul ts  of the 1980 slarmer seaeon are  compared wlth thorn of 
1981 s\waer,  two factors emerge clearly that  modulate the  msponse of the m i l l e t  
crop t o  water and nitrogen s t r e s s .  
1. A prolonged spe l l  of water s t r e s s  during the stage of both early vage- 
t a t ive  g r o w t h  and flowering could mduce the yield of the millet  crop 
substantially. Miller could recover fran etrsaa imposed a t  early 
growth i f  supplemental i r r iga t ions  are  provided before and around the 
time of flowering i s  canpleted. AvaiLabillty of water mound the time 
of flowering seems t o  be crucia l  for  subsequent grain f i l l i n g  . 
2. Millet would respond to  applied nitrogen only when ruff ic ient  water 
is available fo r  good vegetative growth and for pranotlng active 
flowering. Application O f  nitrogen k y a n d  40 kg/ha daas not show 
ecanmic nsponaee. 
CHAPTER I V  
Omr th part  t h m e  years a mul t i loca t im c o l ~ t i v o  project  is being con- 
ducted a t  ICRISAT and a t  other  couperating cmtrt.l i n  tho SAT. Sc ien t i s t#  
from dlkferent  discipl ine$ a r e  ac t ive ly  i n v a l v d  in co l lac t ing  c a y r u a t  & t a  
s e t s  on r o f l r ,  crcg8, weather .nd mmylment with t h e  following main object ives '  
(1 To develop and t e r t  dynanic ~mghun simulation models by 
integrat ing information on d f f f e m n t  aspects of crop grcwth 
and development. 
( l i  ) To dove lop a quant t t a t i v e  understanding of crop response 
t o  e n v i r m n t .  
(if i To iden t i fy  araae where quant i t a t ive  knowledge i 8  lacking 
and plan a future c w m e  of act ion t o  f i l l  the  gaps i n  
knowledge. 
( fv)  To use models a s  mnearrh tool8 in  the  developnmt and 
t r a n s f e r  of tcchnolqly . 
F-liminary t e s t s  with SOKF (Arkin e t  a l .  1976) showed tha t  s g a a l  sub- 
rout ines in  the modal need modification f o r  i t s  adoption t o  the SAT h g i o n s .  
There subrmtlnen deal with mergence, s o i l  water, leaf  m a  d e v e l d m t ,  
phonolqy,  l i g h t  intercept ion and drymatter par t i t ion ing .  Based on imited data  
s e t s .  ion* preliminary rcv l s lans  m made in SDnT &ring the  y u r  k79-80  
( ~ ~ r e c l i m a t o l o ~ ~  Report of Work, 1979-80). The revised SORGr model l a f e d  t o  u 
SORCiT-1 showed sane inprwanents  i n  simulating rorgh\n growth and d e p l o p ~ a r +  
D$ta collected t m  t he  sorghum modeling axparianats during t h e \ r e i n y  and 
postrainy ernsons of 1979 and 1980 m r e  used t o  fu r ther  exmine the f r n f  model. 
The revised model l a  now re fe r red  t o  as  SORGT-2. The revis ions madekand t h e  
simulation m r u l t a  *an SOXf and SORGT-2 a r e  described i n  t h i s  mpabt. 
bperlmental Methods 
Replicated W i a l s  involving two standard sorghum genotypes, CSH-I and CSH-6 d u r i ~  
the rainy scwsun and CSH-8 and W-35-1 during the  postrainy season, w e n  con- 
ducted a t  m d l t  of the  locat ions.  Addit iaral  moisture treatments of adequate water 
and water swesr; a t  ce r ta in  c r i t i c a l  s tages were included i n  t h e  postrainy SeMOtt 
axparimcnts, Standard data s e t s  on c r o p ,  s o i l ,  mathel! and manageatent r c q u h d  
t o  t e a t ' t h e  lnodel wsm col lected.  Detai ls  of t h e  nature of data and rnet4cd of 
data  co l lec t ion  were described by Huda e t  a l .  (1980). 
Details of kltllocation Tr i ia ls  
"'ze experiments were conducted a t  ICRISAT Center, Coi-tom, Dslhi,  Hiasar, 
Ludhiana, Parbhani, Pune and Rahuri i n  India  and at Kbon Kaan in  T h e i l d .  
Data obtained a t  each of  these locat ions during t h e  1980 ~ a h y  ssasan, sad 
1979-80 and 1980-81 postrainy seasons, a r e  described in Qta i l  by Huda et rl ,  
(1981). A b r i e f  dercr ipt ion of t h e  trials is given balm. 
The t r i a l s  wers canducrted an both Alffrsol (RP-b) a d  Vwtfsol (RP-12) ~ n i l r ,  
RP-4: The n s p m  of tra aorghu gonutypar CSt-8 md t4-35-1 t o  ~ v s i l s b l e  
s o i l  moisture was studied by c n a t f n g  two b m l r  of s o i l  noisturn bsplatim. 
The available water halding capacity of tb s o i l  is 8.5 an, Crops wela rim 
m 19 Nmlakr and the s o i l  wss n c h q e d  to  crprclty just c f t e r  planting, 
Rnergenas occurred m 22 Novnabrr. hto d i f f r m t i a l  noisturn raginmu wsm 
created by giving four auppldlwntal irrigatiair st 19, 39, 57,  a d  76 DM: 
(referred t o  as treatment A) and m l y  two eupplemntal irr igations a t  3Q md 
76 DAE (refermd t o  aa traatutant B). E'inal p l m t  popuhtianslha far  CSH-6 
were 343,000 imd 125,000 in treatments A and B mspect lwly  and fo r  M-35-1 i n  
both treatments they wrr 150,000. 
BP-12: This experiment involved caapax4acn of five different mu spacings 
of aorghum hybrid CSH-8 i . r . ,  30-, 60-, 90-, 120-, md 150-an st two differant 
moisture m g h s .  The crap was sown ar 22 November. After a ' cm-up '  irr iga- 
tion of Q-cm on 23 November the emrgenca occumd an 26 November. The available 
water holding capacity of the so11 i s  14 an. The m a i ~ t u m  mpiwmn Included thzwr 
supplemental i r r iga t ims  raoasuring 6, 6 and Q.5 cm a t  1 5 ,  35 and S S  U A E  ( t m a t -  
ment A) and no supplernantal irrigation (tmatment 0 ) .  
b)  1980 Rainy Season 
A l f  lxr l  (UP-4): Two sorghum hyhrfds CSH-I a n d  CSH-6 w e n  tested under sup- 
plemental irr igation (trwatmant A )  a n d  under rainfed situation (treatment 8 ) .  
The crops were sown on 19 June and emergence occurmd m 1 3  ,funs. Aftnr giving 
two supplemental i r r i g a t i m s  t o  treatment A a t  5 md 28 DU i t  was noticed that 
rains following i r r i g a t i m s  led t o  waterlqging and no further irr lgatlons wem 
given. This waterlogging led t o  decreased t o t a l  drymatter and grain yield for 
CSH-6 as w i l l  be discussed la ter .  
Vert 1 sol (BW-3 I : Tb'iu t r i a l  involmd thme sorghwn genotypes CS1i-1, CSH-6 
and SPV-351 which wre som en 10 June and emsrgena occurred on 4 July becauaa 
of d r y  seeding. Plant populations a t  hprveat vela 117,000, 130,000 and 114,000 
for CSH-1, CSH-6 and SPY-351 mspectivnly. 
Experiments were conducted an both Alfiaols and Vertiaols with the specific 
objective of quantifying the effect  of Soisturn a tmas  on leaf ama develop- 
ment, phenology, drymatter productim aDd i t s  pa r t i t imtng  in varioua genotypes. 
A l f I sol (RP-4) : T h m  sorghusn genatypss CSH-6, CSH-8, and M-35-1 were grown 
under two moisture treatments A and 0. ,The cmp w a s  sam on 10 October. A 
ccmmm ir r igat icn  was g i m  t o  bath tlwrtmsnts an 11 October t o  recharge the 
profile. Emergena occurred on 13 October. Treatment A mceivsd four supple- 
mental imiga t i rns  at 10, 28, 39 and 70 DAE whlla tmatment B waa i rr igated a t  
10 and 39 DAE (Plate 1).  

Vert I !iol i6W-r! : An t;w.epl f c s 7 4  t r i a l  i nvo lv ing  forlr g8notyp.s (CSH-6, 
CSH-8, U-35-1 and C S - 5 )  an4 rwa aeij.tu:.c :rwatrr.enta b and P was conducted,  
Sowing vals done Novanbar. The en:lra f i e l d  was irrignrr4 a f t e r  sowing 
t o  recharge t h e  profile hr,:&!np .':3 m r v a .  :*rk:n water. Trdstmnl A wra given 
i r r i g a t i o n s  a t  36 ,  65 an.! *! :'AT wnilr ir. :rentman: F rw :miq !oww~:?a! water 
une appiiod t o  'he :ro:j. 
Sorghum modeling erpcrirn~n* wrlsr ir:i?iir:ec? ir, ,'~.ir~,l\ati~~.c !rt,nr, rb:* 1980-81 pnat- 
rainy season .  CSK-s WJ:. son! cr. ,- :lnvrnl*cr . Tfir r,6i i * i r r ~ t  '  i r i r * ~ !  t. >.rn avai l&lc 
wate r  a t  sowing ag,~ltlst *!,P <.~?at:: t ,, + ht ..! I - .  .. r.n, av,ri in1 l e  wsrrr. I:mnrgtance 
occurmd on 1 2  Nov~m)rr ,  it * . ' a :  : . .  nn . r  r rir::all w r c  ~ - - c e i v r r !  in t t l t v  
grawing season. i rr:,;a: . .n t .  e,r;! 1 ,.T. wr!v ;ivrr!t a: ;H, u4 ,  5 8 ,  '74, 
and 9C 3AC. I'cr, ,i: t *  ;or: w,i; :u..;, *, i .  h,, , 
3. Delhi 
At P e l h i ,  both C ! i . - :  ,tr..! :$H-! wrrc *:rlvr: r t : ,  .'* '~rnr t l \ ; r * i r ~ ~  t t ~ r  !9HO m l n y  
season. The :ic.i ii: .i: :+.if.: n! <+ :+ar,rr,: , l ; ; u v i ; r ;  ~ c o i l a  w i t t i  a nnximum water* 
holding c d p 8 c . i : ~  :: : t i . "  rbm. Thr ~ v e i  :,rble warcr. a t  amr!rry wnr A . 5  m. 
Two irrigatior,::  ~ 4 % :  +. ;Ivcr, 31, 2 -  k.girs* ~ r r ,  ! :c ' v:; rrniLrr n,rc h with 5 cm. This 
:reatmerit i q 3  J-P! * 7 - t * 8  : : {  (i:; p . ; r i p  ~ ~ t b l ~ ~ r  ?T* t Y n ! f * t ~ !  i r i v o ~ v ~ : ~  k ~ ~ ~ f w ! r , ~ ~  rxrc,q>c 
U P  I !  I 7 I:. : .  ..v: t d :  r t *  ' . r ,  I .  *:us.r:!r,*.nt i . 
:n t h e  1979 rainy r;p>sfsn C S i - E  ;mrformrd conrjidcr&Zy b ~ t f a r  w i t h  g m i n  yla3.d 
of 3590 kg/ha ::mp;t!+d tn ? 5 E  k f i h  f n r  C!:H-1 1d:)t: t o  d a n q e  caused by shoot- 
f l y  f o r  the  l aye r  \i;trids. ?,trefo~u, only  CSH-C vatr jirarn i n  1980 rslny 
season with two  v;)i~:ure tr,e itnents. Tfic. 2 r q  w c l n  *im on 20 June. I n  ans  
treatment three <id".: i$?n.nn: :r~riP, , i t ionr;  r?.?ch amnun? i n ?  h mn wer*! appl ied  an 9 
July, 20 July an.! :E August trratmenr A )  and +tic ?*her t m a t m e n t  fnvolvsu 
growing crops under rainfrc! s i t u a t i o n  ( t ran tmmt  H). 
5 .  Khon Kaen 
Sorghum genotype H r g a r i  w*~:, :,nwri 071 i 3  D.wu:ty : ' r b O .  Thr 3 r v r i i i d t i l r  wate r  a t  
sowing was 1 1 . 5  m :nll icat ir~~.  :1,1!., ? P C ! L , ~ P J ; I . L I  p ?  o f  i j e ,  Fnlez\gcnro r ~ c c u m d  
on 16 Augur;t. go i r r i p , a t i o r ~  was. given. 
CSH-I and CSH-6 werr sown 91: : :uly :9hC. The ?roil  p r o f i l e  wm almoat f u l l  a t  
t h e  time of sowing. The ~va:1dLle wao.cir holdink: capdcit lf  of :he 81311. ID 17.8 OID 
Emergence occurred  on u J ' ~ i y .  P t c~ ta !  of 7'1. 5 cm ra in fa  11 was received dur ing  
t h e  g m i n g  seasor.. The crc; wac, grwri Ln rainfed s i tua t im~ .  
7. Parbhani 
a)  1919-80 Postrkiny Season 
CSH-8 and H-35-1 were sown on 7 k t o b e r .  The available  water  ho ld ing  capacity 
was 15 cm a t  sowing ind ica t ing  7 5  pe r ra r , t  recfiarge of the  yra f i l e .  l insrgencr 
o c c u d  C?I 1 2  October. rrops were grown with the r o r i d w l  ~ i r t u r e  witb 25 r 
precipitation received in t h i s  growing ssclson. 
CSII-I and CSH-6 wan sown an 23 hn8. Tho m i l  having 20 an a v d l r b l e  water 
h o l d f n ~  capacity was about 50 percent rsctmged a t  sowing. I t  took 3 brys far 
marp,ance, No supplemental i r r iga t ion  was given. 
CSH-8 and M-35-1 were sown on 20 October, The avai lable  s o i l  water a t  sowing 
was 16 an, Daergence occurred on 23 October. Two irrtgcltionr each of 5 an 
were givrn on 25 Oetober and 11 Nwember, The stand of U-35-1 wss very poor and 
therefore. no data a r e  rsported f o r  t h i s  var iety.  
8 ,  Punt 
CSH-1 and M-35-1 were sown on i lbcsmba. The avai lable  s o i l  w a t e  a t  sowing 
was 8.6 cm against  the capacity of the m i l  t o  hold 1 2 . 5  cm a v a i l Q l e  water. Row 
t o  row s p a c i n ~  was maintained a t  45 an while t h i s  w a s  75 cm f o r  a 
locations. r i v e  i r r iga t ions  each mount in^ 7 an were given on 15 
December, 4 January, 1 3  Januarv and 7 March. 
b) 1980 R d n y  Seaaan 
"i 
CSH-1 and CSI.1-6 were sown with 45 an row spacing on 17 July. The bvai lable  water 
holrling capacity of The s o i l  was 10  an. An i m i g a t i o n  was given recharge the 
p r o t i l a  a t  sowing. 9 
C) 1980-81 Postrainy Season 1 
CSH-8 and M-35-1 were sown on 16 November with a pnsowing i r r i g a d o n  a f t e r  
rechargin$ the prof i l e  with a capacity t o  hold 10 an avai lable  water,  he rgence  
occurred 4n 19 November. Three more i r r i g a t i o n s  each measuring 10 cm were given 
on 21 Decnnbar, 1 4  February and 4 March. The stand of H-35-1 was not good and 
therefore data f o r  t h i s  genotype were not reported. 
CSH-1 end CSH-6 were sown on 1 2  July. The s o i l  a t  the  time of sowing contained 
10  cm avai lable  water against i t s  capacity of 1 2  cm, h e r z e n c e  occurred on 1 5  July. 
There were two moisture treatments. In one trearment 100 w water was applied 
t b o u g h  i r r iga t ion .  This i s  referred t o  as treatment A .  I n  treatment B crops 
wive grown under rainfed s i tua t ion .  
CSH-8 mid 11-35-1 nra a m  on 13 oet* when the avs i lab l r  roil water was 10 ap. 
Two r o n  i r r iga t ions  each mounting cb 10 an were g i w n  cm u and 6 h c e m h r .  
Resu 1 t s  
Thr, n-1 and seasonal  inf fall data along with oenaanal potant is l  rvaporatfon 
a t  different locations fo r  the 1980 mfny season am given in table 10 .  Above 
nonaal rainf  was mceived s t  D s l h i ,  Parbhan! and Ludhlana. The aaasonal 
r a i n f a l l  a t  f ISAT Canter was nonnal and wan ?8 p r c e n t  highar then the PE requim 
ment. Rainfall  a t  H i s s a ~ .  Khon b m ,  Pune and Rahurl was kalow normal. However 
a t  Khon Kaen the PE raquiramente could be adequately mat thraugh tha aaaoonal 
r a i n f a l l .  
Table 10 .  Srmmary of weather data for  1980 rainy eaaeon. 
Locat ion Seasonal Nonna 1 Open pan P t *  









2. S w a r y  of Experimental Results 
Detailed data  on phenology, m a x i m  and f i n a l  L A I ,  t o t a l  drymstter and p a i n  
y ie ld  bbserved for  different  sorghum genotypes a t  ICRISAT and the phrnological 
data observbd a t  othor cooperating locations a r e  given in the section under 
sirnuletion r e s u l t s .  Sunmary of genotypic performance under diffarent  t r e a t -  
ments a t  each of the  locations Is given belaw. 
( 1 )  1979-80 Postralny Season: Them was no difference in  the days t o  phy- 
s io log ica l  mawpity (PM) between the two moisture treatments A and B f o r  both 
CSH-8 and H-35-1 i n  an ~ l f i s o l  (w-4) experiment. However, i t  was observed 
from other expwiments that hastening of the maturity depends on the degree of 
s t r s s a  which prevails during the grain f i l l i n g  period. The available 
soil moirtura a t  PM in t h i s  experLent  w ~ l l  2.6 for  W-35-1 i n  both t r e a t -  
ments u h i h  it ma 1.9 and 1.5 an in  t r r a t w n t s  A and 0 for CSH-8, ?tau both 
A and 0 tnrtmmtr had the  same order of rnofstvn s t m a s  during the l a t e r  par t  
of grain f i l l i n g  period. CSIi-8 per?owed b e t t e r  t h n  H-35-1 undw both adequate 
and l i m f  tad laointun a t  lur t ions.  
( I  I ) 1900 Ralny Season: In the t r i a l  an the Alf isols  (RP-41, t o t a l  dry- 
matrer and &rain yield tor  CSH-6 in trnatment A were lower than in matment  0. 
Observed mductianrr show that  CSH-6 1s susceptible t o  waterlogging i n  :he ~ i n y  
aeason. Since t o t a l  drymatter and grain yield f o r  CSH-1 were higher in  r rea t -  
msnt A than In B i t  can be surmised t h a t  CSH-1 i s  tolerant  t o  waterlogging, 
In the Vertiaol sxperfmcnt, CSH-6 ptrfonned b e t t e r  than CSH-I and SPV-351, 
although the laaf area index and t o t a l  drymatter wen maximum in SPV-351. Par- 
t i t i o n i n g  of drymatter t o  grain component which seems t o  be impartant here i s  
dircussed l a t e r .  
( 1  1 1 )  1980-81 Pastrainy Season: Carly maturity because of moisture s t r e s s  
in  treatment B was notable f o r  a i l  the three genotypes CSH-6, CSH-8 and H-35-1 
tested on the ALfisols ( R P - I 0  in two moisture treatments. h a f  area index, t o t a l  
drymatter and grain yield were maximum in treatment A f o r  a l l  the genotypes (Plate  2) 
Highest grain yield was recorded f o r  CSH-8 in both treatments. However, under 
limited water a v a i l a b i l i t y  in meatment B ,  M-35-1 w a s  superior in: t o t a l  dnmat te r  
producticm as canpared to CSH-8 and CSH-6. Total water use and q t e r  use e f f i -  
c lencles  f o r  d i f fe ren t  treatments are s h m  in table  11. 
In the t r i a l  on VertinoLs (BW-3 )  early maturity was observcCncue r c  :he 
a f f e c t  of moisture s t w s s .  CSH-6 showed earlv rrmturitv followed @ CSV-I ,  
CSH-0 and M-35-1. The performance r a n k i n ~ s  in terms of grain view f o r  t r e a t -  
ment A is CSH-8 % CSV-5 > CSH-6 > M-35-1 and f o r  tmatment B i t  i$ CSH-8 > CSH-6 
> CSV-5 > H-35-1. Uaximun t o t a l  drymettor in  treatment A was rewrded f o r  CSH-B 
while i n  treatment B, CSV-5 proved superior .  
Results from both the Alf isols  and Vert isols  show tha t  CSH-tiproved superior  
t o  the other  genotypes t es ted .  
Table 11. Watar use and water use eff ic iency of three sorghum nenotypes grm 
during the 1980-81 postrainy season a t  ICRISAT Center. 
Observation 
1. Uater w e  ( m m )  289 210 281 198 291 210 
2. Water w e  eff ic iency (kg of TDK/ 38.,6 30.8 32.9 25.3 5 5 . 2  32.3 
ha /mm ) 
P l r t e  2: CoRparism of  heads f o r  three sorghum genotypes grown 
a t  ICRISAT Center on an A l f i s o l  (RP-4)  durSng 1980-01 
pos t r a  I ny season. 
A taiamry o f  c m p  da ta  f a  a l l  the  coopmating centers  is giwn i n  t ab la  1 2 .  
T%* %?a ! n d i c a t ~  t h a t  during miny  meason, CSH-6 perfoxwed conris tent ly b a t t e r  
t ,LC. C:H-1 a t  a l l  lacat i tms excepting Rahuri during t h e  1980 rainy seascn. 
S I;'. l caental  i r r i g a t i o n s  g i w n  t o  treatment A t o t a l l e d  100 ma a t  Rshurf and 
t ' , i !  led t o  uaterlogging. C%-6 yielded lees  rhark CSH-I i n  traaaaant h w h i h  
i. :  'radtmrnt B ( r a i n f e d ) ,  CSH-6 proved superior .  Thrs obeervatian ccnfims 
t i+* nuc+ccptibiliry of CSH-6 t o  waterlogging observed i n  tha Al f i so l  t r i a l  st 
I i SA: ( en te r  during the arms reasen, In  the postrainy s e a ~ r m  a t  a l l  locat ions 
C , i ! - 9  shrwad i t r  supcr io r l ty  nwr H-35-1. 
'I IL . e  i I .  I~umaary of  rrrq, !%I?& r.allected a t  cooperating centers .  
- -- 
(1 !Bi!ii (1980 Rainy Season) 
F':n'dl p lan t  population 140,000 140,000 
To.' I cLrymnttar ( k p / h a )  1! ,586 9,016 
r,: r n yic*ld t k g / h a i  1,850 3,550 
U .:, lnu~ i A I  5 , 9 2  5 .92 
F n 1 lA1  3 . 3 9  1.69  
( 2 )  Hissar (1981) Rainy Season) 
CSH-6 ( A )  
F .: 1 p!mt population 
T : %  I dr~:,'mattcsr (kglha)  
G , A  yie ld  ( k g / h ~ )  
H *:*:'mrrn MI 
F .I 1 L.\I 
( 3 )  Ldhiana (1980 Rainy Season) 
( 4 )  Khon Kaen (1980 Rainy Seasan) 
He gar i 
F:n. 1 p l a n t  papulatian 
Tl t ,  1 drymatter (kg/ha) 
G r:n yie?d (kgha)  
k \ ! < I i n ~  I. .+I 
F.n, 1 LA: 
- - -- 
0.91 
Table c m t d . .  
( A )  Adequate moisture supply 
(B) Rainfed 
Table 12 Contd. 
- -- 
( ' ! roiThatrrc : b1;.?-P1 Poatrnlnv Ccotcn' 
r i n a l  plant popr::at :OR 
Grain y i e l $  ( k g / 5 n \  
Final plant ;>o:.~.; ;a t  ior; ; 3; ,000 : (0,000 : ~ c o  ,OOcr I k O , O f S o  
Grain v ir l ) !  ( k c  /?+A > , + I ?  1 .:C:c l ' , b 9 ~  4 
Final pl , ln t  ;,oi,!.:.i! i r l ! ,  
Grain y i e l d  ( k ~ / h a )  
Final  plant popi;:d* :?n 
Total  & p a t t e r  (Pfl,'hdl 
Grain yield ( k q i ' h a )  
Maximm !.A? 
Final  LA1 
Final plant  population 
Total  drymatter ( k g / h a )  
Grairr' yield ( ) r ~ / h a  ) 
Haximum I.41 
f i n a l  LA1 
Fina l  plant population 
Tota l  drylMtter (kg/ha) 
Grain y i e l d  ( k g h a )  
Maximum LA1 




(11) Pune (1979-80 Postrainy Samanl 
rim1 plan t  papulat  ion 
Tota l  dxymatter (k$/ha 1 
Grain y i e l d  (kg/ha) 
( 1 2 )  Puna (1980 Rainy Saason) 
F ina l  p lan t  population 
Tota l  drymatter. (kg/ha) 
Grain y i e l d  (kg,/ha) 
(13) Pune (1980-81 Postrainy Season) 
F ina l  p lan t  population 
Tota l  drymatter ( k g h a )  
Grain yield (kg/ha) 
The t i b e  frcm emergence t o  f l o r a l  d i f f e r e n t i a t i o n  i s  computed &I t h e  SORGF 
model 13 t h e  period midway between t h e  s tages  when f i v e  leaves'axpanded and 
when t h e  f l ag  l e a f  is  v i s i b l e  i n  t h e  whorl; time frcsn emergence t o  a n t h e s i s  
i s  tabulated a8 t h e  canputed da te  t h e  f l a g  leaf  was expanded p lus  0.86 times 
t h e  r a t p u t e d  number of days from d i f f e r e n t i a t i o n  t o  f lag l e a f  appearance; 
tima f@nn ameqence t o  phys io log ica l  maturi ty  (PHI is ca lcu la ted  a s  1 . 4  
t imes the ccmtputed nwnber of days from emergence t o  a n t h e s i s .  
In t h e  r sv i sed  version of  SORGF ins tead  o f  Accumulated Daily Heat U n i t s ,  
Growing Degree Days ( G D D )  are used t o  es t imate  tb phenological  events  with 
a base temperature of 7% and a cutoff temperaturs of 30°C. Data c o l l e c t e d  
a t  ICRISAT Center show t h a t  390 GDD a m  requi rad  t o  reach pan ic le  i n i t i a t i o n  
(PI) fos hybrids  l i k e  CSH-1, CSH-6 and CSH-8. GDD for v a r i e t i e s  l i k e  SPY-351 
and H-35-1 a m  k20 which is a l i t t l e  higher .  These values am referred t o  as 
base GD3) f o r  PI .  Emergence t o  a n t h e s i s  is computed a s  2.68 tinas GDD r e q d m d  
f o r  P I .  S imi la r ly  emergence t o  phys io log ica l  maturi ty  is caaputed as GDD 
mqui rad  f o r  PI  times 4 .15 .  
The s i m p l i c i t y  of tho mthml of GD: canputat ion mag crwn i n  
c a l c u l a t i n g  GPD. S a ~ e  criticisms of c a i c u h t i n g  CDD w i n g  miaximun and 
ninfmun ta~pam.a)ums with hoe and cutoff  temperature am as f o l l c u r :  
Ihe threshold r e m p e m t w a  are not constant  hut change with 
advancing age of t h r  p h n t  (Wmg.,, 19f r l l ;  the  nnrrowur the 
m g e  between d a i l y  maxinun and ninimum, t h e  f a a t s r  thc dam- 
lopannt r a t e  i s  a t  t h e  same nwrr.igc? temperaturn *b(hmold 19't'l); 
and 
t h e  day l e g t h  h ias  ire a l a a  i n c n r p o ~ t r d  I n  c o m y \ ~ t i n ~  (;LID i n  a 
north-south d i r e c t  ion (Namnn lS' i1\  . Stilpj>or. c~nd Arkin 11 980) 
used a ~ A V  lenpth c o r m c t i o r ~  f a c t o r  f:lr c q u t t n ~  C D D  t o  
determine t h e  p?~sno!op~y of c.or.n. 
I t  i s  suggested that  the34 po in t s  ba cnnsidamd and a sound mottled of 
GDD conputat ions be c v o l v ~ d  i n  duc rcjursca of t i m p .  fiowcvcr, rhs following 
cor rec t ion  f a c t o r  is used in thn 1 . ~ ~ 1  ricil vihrcion t o r  cumput Lop, ;ltr*!ricllo~y. 
GDD f o r  TI = h!;c i;L:' ( . 1 - ( 1 3 - l ~ a y  lenb:th) x .:I 
A base day length of 1 3  houm w,i!, chsr,cn kc;tnhr. the. nvsr$nf:e day f a n ~ t h  
f o r  t h e  emergence t o  F I  i n  tha r a i n y  ?eason i,. l a  fincub!, n t  TCKISAT ( 'antdr .  
Emergence t o  an thes i s  and YM f o r  o t t ~ ~ r  l c i r d t i o ~ ~ b  i:i C U R I ~ ~ I C C I !  I f1  i~ !.itnlliw 
manner f o r  ICRISAT Center. 
b)  Iaaf Area 
Tota l  nwnber of leaves and maximum area !or ind iv idu~11  lritf' A r c A  twn of tha 
input  d a t a  requimments f o r  &ivinp [,r)F(;F n n c l ~ ~ l .  ' ! ' ) I ( *  ninnfmr of Ieelvee given 
a s  input  data  t o r  a genotype dterrnincb i t : ,  m, i t i i r ' i  t y  durnt ion dc)~endir~p, on the  
environmental condit ion.  I t  need., 00 HlI above 7"'' 11~1:ia r empertatur1s t o r  a new 
leaf  t u  emerge and thon attainmen: c,! i rs rrlax:~riurs crtLa i :> (tllio ,t I unct Lon o f  
temperature. I t  i s  assumed tha t  in the prweny m r d c l  each leaf  w i l l  nchirvra 
i ts  maximum a m a  i r r e s p e c t i v e  of' water ntrt!tA:i. A l r m  i t  !:: arierumad t h a t  amem 
scence w i l l  start a f t e r  11th l e a f  f u l l y  c x p a n d ~ .  Thenc arm rlomn of t h e  lid- 
t a t i o n s  i n  t h e  canputat ion of  l ea f  are4 index. 
I t  would be usefu l  t o  s imulate  w e d  f u r  aach leaf  w i n g  snvfronmental 
i r f f m t i o n  ins tead  of using them a: Input da!<i. r J a t ~  c o l l e r t s d  frm lCRISAT 
i n d i c a t e  t h a t  senescence occctm a f t e r  f l ewnth  leaf ha8 expanded. So t h f e  
information is included i n  the revised version.  I t  i s  a l s o  asaumd t h a t  t h e  
f i n a l  MI a t  PH w i l l  be 0 .5  of i ts maximum under no n o i s t u m  Btrees r l t y t i c n ;  
1/3 under mild water stress c m d i t i o n n  (at. WATSCO -- r a t i o  of c u m n t  avai&ble 
wqter and water holding a p a c i t y  -- between 1 .O and 0 . 5 ) .  Zri sever@ moisturn 
s i t u a t i o n  (WATSCO < 0 . 5 )  th. f b ~ l  LA1 w i l l  k near ly  ze rc .  C r i t i c a l  evslua-  
t:m of the e f f e c t  of mois tu re -s t r ins  on l ea f  dcvelopmcnt i n  p resen t ly  u n d e ~ y  
R?asonable est imation of l ea f  area index is important because t h i s  infarmatian 
i ;  used i n  o ther  subrout ines l i k e  l i g h t  in te rcep t ion  and s o i l  water. 
cl Light tnt.rorptlar 
The l igh t  intercept ion pmt ian  of the model' ainulates th m l a t i v e  quatu 
flux intcrceptsd hy a single plant .  Intercepted Photorynthatically Active 
bd ia t io i t  ( P A R )  i s  calculstad on an hourly baais following a Beerfa fIIY mla- 
tlonuhip using solar  r d i a t i a n  and l igh t  t r a n d s a i m  valwa.  Hourly .o&r 
rndiarion l a  conputad fm t h e  input aolar radiation and by accounting far 
tho numbsr of llours of sunlight f o r  any drry which is calculated as a sine 
Function o f  the  local soLar time and day length. Examination of our data 
shov thilt mndol cmputlrtian of aolar declination and day length a m  quits 
acrwatrs msultin,q in suff ic ient ly  accurate estimation of hourly a o h r  radla- 
t i an .  The quantum flux density ( P A R )  in Einstein8 m-2 day-1 i s  srtimated in  
SUlr(;T Fra the energy f l u x  density (PSI i r i  c a l  ~rn-~day' l  ae 
PAP = RS (0,121) 
Wowaver o w  r e su l t s  indiccrte that  the constant ~ l a t i n g  PAB t o  solar  m d k -  
t ion  (FS) should be a l t e red ,  In the revised vereion, PAH i s  thua calculated 
as 0.09 timew RS. 
Light tmnarrni:inion l a  calculated from the re2at.imship of eminction 
coefficient  and m a x i m u m  l ight  tranlpmirslon using information on spacings 
and LAX, An examination of the cmputed and maaiiwed l i @ t  tranqmission f o r  
d i f ferant  row spacings showed tha t  the model was overestimating ;bCght-tram- 
miasion, asyecially a t  low levels of canopy l ight  transmission. $The model 
breaks down f o r  r*ow spacings p e a t e r  than 137 cm bscause 
transmission excesd~  100 percent. Thus the functions for  
coefficient  ( X ? )  dnd ma~irnun l ight  transmission ( X i )  were 
X ?  = 0.0065 * ROW spacing - 0.6b69 
X I  = 0.4711 Now spacing t 67.2642 
Light transmission = X I  "rxy: { ~ 2  * DLAI (1)) 
Ro* SORCF and the revised equations simulate l ight  transmiwion within 
15 percamt of observed l ight  transmission, with the revised aquadons per- 
Foming b e t t e r  fox. vider row spacings. This indicates scope for further 
iaprovemnt of t h i s  subroutine. 
Daily avdilabla water for the e n t i r s  soi . prof i l e  (single layered) is ccarputod 
a f t e r  Ritchie (1972) using information o i n i t i a l  available s o i l  water, a d l -  
able watrr btddbg capacity,  n a i n f a l l / i r  ipation,  llnd evaporative dsaaad. 
Potent ia l  eohporation below a plant  c w o  y (Eos) i s  ca lcuh ted  a f t e r  caputing 
potent ia l  evapomtion fran bare s o i l  (E ) and using LA1 va3.ues. Eo i a  cplcu- 
la ted  in  the  model using the Priastley-T< ylor (1972) equation which nquirus 
net radiaticm as input data,  Net r ad la t  on is cidmputed frcat atbcdo, &N 
solar  radiation reaching the  s o i l  surfact (Re), and sky emissivity. Ro is crl- 
culated using a s i te-speci f ic  sine function as follovs f o r  ICRISAT Cantw: 
- 8 
an: 3(- is n o t  a f l ~ w * d  r:: ~ x , : c e d  69: c a  : cm-* , l aym '  
However, r c s u l t r  ir,.licd:r  at !,a is un<!r:.ri,: !nactb<.? .? I! mnv ? r uqs*ftr: ! r l  
i n c l u d e  T a n  par. &ita es a)  i r r :  :t .w,.:i r*rncrlD o f  t h e  maic 1 3 0  'ha! !$I. v3 i i t .  ir, .  
l y i n g  t h e s e  Oar n v i e ! ,  a s,lt;G !r c:?ne,?,rr,: i I ro:~!il 1 eh as? :mr\tn.i, i n  * t i <  
=vised version q t n  Fan h t e  rim$ 3 . ?  :id$ keen i p . ~ l i ~ d ~ l !  * i  i*~mputeb 
l iwever, n*vrr.d: ,-:her s u b r a t  in@% r\! 5 0 i :  wattvr &re L ! v , ~ i  l ~ l  !th i n  * h e  
l i t e r a t  us* .  A' ; :-c,..unt ar: e x c , : ~ - i e r -  is '~ : !CTW&)'  t a  ~.tmjr+tn' ?'re ;wri nrmant.e of 
theare aukr ,ou t in r .c .  :'he arkm: i t  i n e  ):ivi:ig ,arrkurate c h a t  imatrh. r f  available. roil 
water wi i i  t,e inc; :dc,: I:; '!,c nllrir:. I ' ! I~**+ * uf.r.i,ut inor arc.:  
P.ea?on,?L 2; I , - ,  2: t * ~  LA? 1. '!. , . !  , . , I :  I w , l t e s r  i * ,  i r n ~ m t - t ~ f ~ t  !fia-rs8uf @ i t  
I .  detenn.int..: tht. n;~. * .I 6. *v.(-,:v; . :. ! . x  h!i. ! '::I !i;+.rif-t>. :./+I , ; I~c*r; ir$i.*, . Orvm,rttnr- 
and i t s  p,i:.ti* ; o r , : n y .  
r n  SORGr ~~o 'e : , ' .  8 :  ; 1 . r ~  5;r,?.?la*f *! , I .  . i  ~ * * ~ ~ j  ! pfxr : ~ , * * b r ~ c i . p t o ~ :  I j A k ,  l lvt  
p h o t o s y n t h a t r  i f  - 1  TI; I:'(+ ' ~ : r e t  I ,  ".: i:~'l:.;. ' , . ) I  ' I t e  w r i ' r b :  is: 1 I h m l l e ~ a l  lrwV *.t P(JRFI 
as w e l l  as :or ? r . * , ;  : r i i  i )r.. A' !:'F;' A7 en*, t wt .  no! ti.3vt. ! n r  i l  i t  t o  
s t u d y  t h e  i:hoto::rnt!,e-,i., , i . j . !  rr*v;.ird*:.~:. !TI I o t , l i l .  Lo i t  vilc ! + l t  rtmt I t  
would 16% des i rab , lc  t c  ! C * ~ J , .  .I..;' -9 ! I*:-.!* i ~ t .  h i ;  I r4'ucr.n :*?+a1 dryma: tcr  ( 7 ' f r M )  and 
i n t e r c e p t e d  PAL , iiiir C d i *  i I r~d lc ( . i t r .  . f i a t  j l :  r 1 dl-in~irttcr :*. j,rotiuced p e r  MJ 
of PM a h s o r h e d  w h ~ n  u<l* , . : -  dnd tarn;>< r at ,ircb . * rr.-.- r l r .  nr'* Ir rllr . i'rrm, t t ~ c -  daf l y  
p o t e n t i a l  d q m a t t ~ . r . ,  ~c. t ) ia :  -',rymdt*r*r .:J( I d % , i ,  6 i s  I # * . :  ,rnetr*! ( I *  . I  ftmc ? ion of: 
t e m p e r a t u r p  and  wa+ra: trl*.,, ut ir.p, * t.r. ' Y i : H i l  ' ~ r . i l  WCT:,CO cricf f i c l ~ r t t c .  T h i n  
has been inc1udr.d ::; rf le rc*./iflr?(? v*r .,;or, i i !  * k , w  mf~r!c.i  . 
The averdp.e Kante.st ':.lie% wqs ? r>w I  7 0  5e C.50 t/rr the  h y t r l d n  Ijks CSH-1,  
CSH-6 and C C H - 8 ;  aiid :!i f , , I  var : f a 9  : r . .  1 ; E # .  !"-5',-: ; i n r J  51'7-7',; ~ i r i d q  no moi?i- 
t u w  stress c o n d i t i o n s .  I!r,wc-vtr , t!if.*;e v t ~ i ~ ~ e , .  wCrL* lower d e p e n d i n g  or) the 
degree o f  m o i s t u r e  srrrs,, . In - ! ~ e  rr .v lr ,cd  . /ersior i  tl.,ft . i t d w n q t  index unad w n a  
0.40 for h y b r i d s  and 6.26 f r r  varic.t:*s , i n d r r  m r r i s t , ~ r e  srrwsc c o n d l t i o n n .  
Assumpt ions  a r e  made ? h a t  F: p r  da.; holds .r l i nea r ,  r e l a t i o n r u h i p  from a n t h e n i s  
to pH. F u r t h e r  exanjnacicr. c f  'he  liar4 :<, raec;u!re:! to came w j t h  H rime 5 ~ t f ~ -  
f a c t o r y  p a f i . t i t i o n i n ~  c o e f f  : c i e n t s .  
4 .  S-ary of S i m u l a t i o n  Results 
The revised SORGF v e r s i o n  is referred t o  a5 SfiPC1'-2. The following cunpari- 
s im of SOST a n d  SORGr-; resuit? are nrade w i t h  t h e  o l ) f i e r ~ a d  d a t a .  
a .  Phenological events .  
b. h a f  area i n b x  a r  r fwrct ion of time. 
c, D~"ynattcr and I t o  p a r t i t i o n i n g  t o  g ra in  y i e l d ,  
d. S t a t 1  e t  i c a l  ana lys i s .  
a )  I~hnnologlcul Events 
~ J L  ihrtvr4 and s imulat ion r e s u l t s  f o r  t h e  days requ i rad  hw smargenca to nth.- 
:,I:: un, PF! f o r  d i f f e r e n t  genotypes. l o c a t i o n s ,  seasone and t reatments  am 
c-,mpgrrrld i n  t a h l e s  13 and 14. Obaewed d a t a  i n d i c a t e  t h a t  rainy season hybrids 
i i t f .  r'li-1 and CSH-6 took &out 52-56 DM: t o  m a &  an thas i s  and 85-88 DAE t o  
r w ~ r h  I 'M ,  while SPV-351 took about 62-63 DAE t o  reach a n t h a s i s  and about 90-95 
l i A t  a r-lr.ia:h milruritv. I n  e a r l y  October p lan t ings  during t h e  postrainy seaaon 
r :,~i-d rn.~*ured a l i t t l a  e a r l i e r  than H-35-1. I t  took about 60-66 DAE t o  reach 
ant I I V  I:, and 98- 106 DAC t o  ruach PH. U-35-1 reached an thes i s  by 67-71 DAE and 
T Y  t Y j-111 DAL. When plant ings w e n  delayed t i l l  l a t e  Nweraber on deep 
;*I.: '., b!. (lays t r ~  anthes is and PH were extended f o r  CSH-8. H-35-1 aha took 
1011pc1 t J ! w c h  a n r h e s i ~  (80 M E )  and PM (115  DAE). 
Si~nul~zt  i m ~  resulte indicated that SORGF underestimated t h e  maturi ty  dura- 
r i t ~ n  w'lilr :he. F *  t imation by the  revised version was reasonably c lose  t o  the  
ob t i r~  vcll data. 
Data I I ~ ,  ltriif slwd index were co l lec ted  a t  7-10 days i n t e r v a l  i n  a @  the  t r e a t -  
toent s f vr cvt r y  expclrirnent conducted a t  ICKISAT Center.  Sirnulati* r e s u l t s  
$1 I r  r ~jr.; arwl w i t h  t h e  observed d a t a ,  and t h r  maxirnun LA1 and f i n d  M I  a t  PM 
fcrr, <i l l  thad~.c nxperiments a r e  given i n  t a b l e  15. Seasonal changed i n  LA1 for 
ticicsct+ 1 experiment& a r c  shown i n  Figures 38 t o  41. 
1 
h a  irlts indics . ta  t h a t  both SORGF and SORGT-2 overast imate thd  m a x h m  
I .  S t . s * s t  i( ns ,we made i n  t h e  preceding sec t ion  regarding fut* r e v i s i o n s  
ix: I TI; i.titbg LAI i n  t h e  e a r l y  growth s tages .  Modifications made & f a r  i n  t h i s  
rs~,irntl dwount  t o r  leaf  senescence a f t e r  t h e  expansion of t h e  7th l e a f  ( i n s t e a d  
ot n l  t c r  thn  3 1 t h  leaf  as is  dons i n  SORGF) and include t h e  ef  fec* of m o i s t m  
ntr.v:?s i n  the  gra in  F i l l i n g  per iod .  The rev ised  t ~ . x d o n  of SORGF?improved t h e  
curnl~rlt<it @n oof 1,AI i n  the  g ra in  f i l l i n g  period.  However, f u r t h e r  improvamanta 
n r ~  ctriv' a, ed i n  the  o v e r a l l  l e a f  a r e a  development computation. 
C )  PrqriLitte'r drtd i t s  P a t t i t ~ o n i n q  t o  Grain Y i e l d s  
: o t a i  t -rlR.ltttr (kg/ha) and gra in  y i e l d s  (kg/ha) for a l l  experiments conduc- 
ted  ,it :{:RIhfiT Cantor a r e  compared with s imulat ion m s u l t s  ( t a b l e  161, and 
:ldi plgttarns in  observed and s imulated drymatter  and g m i n  y i e l d  f o r  
~ e l w : c ~ c :  genotypes a r e  shown i n  rigwits b2 t o  45. 
i r s  artqed and s imulated drymatter and g r a i n  y i e l d  pooled over  a l l  t h e  
tz.eehnr,!ts are shown i n  f i g u r e s  46 and 47 t o  examine the degree of  cormspcm- 
Lenc@ le:wesn observed and simulated r e s u l t s .  Resu l t s  i n d i c a t e  t h a t  sane 
1y1 t  1 ..*n*nrs i r :  s imulat ing TDH and gmin y i e l d s  wm achieved through rwisianr 
a t > i  cr #. idererbla sc- e x i s t s  f o r  f u r t h e r  improveraunt. 
& 
- 
Lbcatfen Season Q'.anatyp/ Days from am;-grrnco t o  
Tteatmbt Ahthes i s  F N 
- n 1: 
- 
I) S " 
RP-4 1979 Rainy (;:;ti- i l \ t  5 b 5 .I 8 ?  7 ,  0 3 
4.2; };tl - c? ' i 5 4 '. J A!, it, i1 .I 
RP- 4 1979-8nTcs: -  :SH-$X O D  it Q 72 'iLC 3 7  1 0 3  
mi r;y 
'fiH- 8 R 0.' f \ L h  -,., '11  a'! 1 ~ 1 7  
H-35-1 h I .?  I (1 ' I !  10' '4 .7 10') 
M-35-1 0 0 1  G 5 t  '?t, 105 1 '  l O ' l  
BW3-A 1980 Rainy 'SH- 1 0 14 5 1 ', * I  87  L j C i  87 
1 '2H- 6 f 4 'r 1 !,7 04 'It4 87  
, !"4- $ '> 1 0. >1 b 1 ' ) I 4  7 4  34 I -> 
RP- I( 1980-81 i'or:?- i ' l , H - B  P. (,+, ' ) I ,  r,t, lOf, H(l 1 0 8  
r a iny  r:;& 0 b ( . l i  'A,, f ,  f, 107 80 108 
M-35-1 A 71 (, 14 7 2 113 H'I l l f ~  
.Hi-35-1 b 70 6 4  7 ,? 111 87 Llb 
B W F A  1980 -81 Pobt - CLH- 8 A 7 ? 7U 14 110 1014 1 W  
rai ny CSH-8 B 7 3 'IL 'I I( 107 104 104 
M - 3 5 - L A  at, 75 '1 8 115 lflt  210 
M- J-1 B 50 75 78 111 106 110 
0 = Obserred 
Sl 8 SOfrSF 
5 2  = SORGF-2 
A = Adequate m i n t  urn supply 
B = Limited moisturn supply 
PH = Physiological maturity 
* = R d n f a d  
Table 1b: Cbrrxwd and siwLlatad phenologiccrl emnts for caop.r.ting cmterrr 
Location Season 
0 = Observed 
S 1  = SORGF 
S2 9 SORGF-2 
PH = PhysiologicalMaturity 
Tabla 1 5 :  M~erved and Simulated # I x i m  end rim1 haf  Ama Indax 
BW 3A 1980 rainy L 9 l - 1  0 ' 3  I 1.0'1 3 , H 7  1 , R O  
,.. 
,ii-t; ;'.7b ' c . t J  3 . 1  I.!,? 3.'11( 1.60 
L i ' V -  351 3 ,  ' 4  3 . 3 0  1.10 3,1114 1,bq  
0 = Observed 
S1 : SORGI' 
S 2  = SOKGF-2 
A = Adequate mfsturs supply 
B = Limited misture supply 
4 ,- R - ( q f * A  
, .- ...- _ _ -,. - . . *. .- "-1 ..- ._) - --- .^ l-l-----f - -j 
L .  f." *I' ag 9(3 IOC 110 
D d v ~  After E ~ * g e n i ~  
I,.., ~ 5 4  :">.,rrrrd crid r r ~ r , l r t r , !  i r ~ f  . I I P ~  'ndet +or\orQhm hybrid L1N-6 grew under 
ri1n.ir.t rl!.j::rn ' . t  6 '  d i ~ . i ~ a  the :r:iO r d l n y  seasoq on A l f l s o l  a t  
i < G ! ' > E '  w i u r  
t k y ~  After h r g n c e  
Figure 40. Observed and simulated l ea f  area index f o r  sorghum hybr id  CSH-8 qrown 
under adequate water supply (T r t  . A )  dur ing the 1980-81 postrainy 
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Figure 41. Observed and simulated lea f  area index fo r  sorghum va r i e t y  SPV-351  
grown under ra fn fed s l t u a t i o n  dur lng the 1980 ra iny  season on a 
deep Ver t iso l  a t  ICRISAT Center. 
~ a b b  16: O b s e m d  and e imLuted tatal dry Bstter (kg/ha) and grain y i e l d  (kuhe) 
kcation S W S O ~  b n 0 r Y p ~ l  Total dry matter G m i n  - i e l d  . 
Tmstrnant 0 Sl s2 o s1 5 2  
RP- 4 1979 Rainy CSH-1 9490 9145 7415 3490 4133 3497 
remon CSH-6 10440 9631 7630 4150 4333 3599 
RP4 3979-80 post- CSH-8 A 7650 11958 9378 3830 60136 4220 
rrlnY CSH-8 B 4700 9257 5191 2080 3807 2093 
season M-351 A 8330 12212 9216 2100 6128 2734 
t4-351 B 4950 10130 5108 1300 4125 1328 
RPir 1980 Rainy CSH-1 A 11300 9829 878U 5540 4365 4392 
asason CSH-1 B* 10585 9662 8595 5110 4483 4297 
CSH-6 A 11937 10374 9403 5640 4665 4701 
CSH-6 ~"2510 9726 8842 5880 4616 4421 
BW 3 -A 1Y80 Rainy CSH-1 10430 11019 9891 454T 5244 4945 
season CSH-6 11290 10471 9768 5310 4983 4884 
SPV-351 12348 9440 11928 4264 4393 4294 
0 = Observed 
S1 = SORGT 
$2 ' SORGF-2 
A = Adequate moisture supply 
B = Limited moicrtura supply 
* = Rainfed 
F i ~ w  42. Observed and s i ru l r ted  t o t a l  dry w t t e r  and grain y ie ld  for sorghum hybrid CSH-8 
gram under adequate water supply durfng the 1979-80 postralny season on an A1 flrol 






Figure 43. Observed and simulated total dry wtter and grain yicld for 
sorghum hybrid CSH-6 grown under rain%d situation (Yrt.8) 
during the 1980 rainy season on m AlfIsol a t  ICRXSAZ py*ye. 
Days After Emergence 
Flc~ure 44. Observed and sim~iated tot*rl dry niatte. and cjr6tn ) ~ c . ' c !  ( I . ,  . ;rJr:r~i~~ 
variety SPY-351 grwn dnder parnfed sl t,lta?iop an a derip Vcrl i1,ci '  e t  
ICRtSAT Canter. 
- 00.  f 
C ii 
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Ftgure 45. Observed and simulated total drynrttar a d  grain ytald for saglnr Wid CfMa 
gram under adequate water supply {Trt.A) durfng th 198061 postminy rrua ar 
m Alfirol at  ICRlSClT kntrr. 
Observed TM (Kg/ha) 
Figure 46. Correspondence between observed and simulated total  
dry matter (data pooled over a1 1 experiments). 
jOOOmmBOOO70008000 
W e w e d  Yield (~g/ha) 
Figure 47, Correspondence between observed and rlanrlated grafn yleld (data 
pdoled over a l l  experfmts). 
Grli.ctd mop data poded over data t o t a  n m  uard to oolprn t t w  per 
mmce o f  SCRGT and SbGf"-I *obr tt&le 171. Thq okrrvrd Tt)n (kg!ha) 
raged fwu 0950 far the g+nQE)pC M-35-1 g m  under wlarura ettwrrr to 12510 
fm CSH-6 gmvn in win? amson. Grain ylaidr (rtgt'hr) rangrd Crm 1300 far 
H-35-1 mder mistwe stmas to  8136 fat- CSH-II under ~ d ~ q w t e  moirtum uupply 
treatant in the poatrahy cwaaa. Simulation mauitli rhaw thrt SQRGI^  model 
orarastfmated particuhrly the win yields a t  both the highart snO kow*rt 
an&. SORGV-2 impmmd the cimuht ion. 
T . b h  17. Statistical rnalyeia af 8iniilat ion resulta (n 8 7 7 )  
(a )  Highest, mem a d  louost respanso of observed and 
a i m u t t s d  data 
G r a i n  6136 3954 1300 7607 u687 3183 656Q 3680 1159 
yield 
(kg/ha 




F i n a l  LA1 2.77 1 2  0.27 b.97 3.65 2.28 9.01 1.12 0.13 
(b) Correlation coefficient 
Tat a1 drymattw 





0 . 3 2  0.83 
0.17 0,87 
(c )  Root mean squ&+rror (RWSE) 
Total dqmattrr (kg/he) . 2779 1619 
Grain yield (kg&) 1886 766 
Physiological maturity (DhC) 1 3  3 
I t  crrr, be noted that the data mpr rnn t  gmoqpa witb r mtqe pb ~ t u -  
r i t y  dra*ttan f im  81-115 DM. WUF undmnlutrd  unrrSty durattop wbib 
SOWOF-2 rrtLrrtrd clmaly for the artin: nnge of Qnrtim, No ujn &erg* 
has ya beua urdr i n  wmputfng u*irua W1 which i r  e v i h t  fro th. anzr- 
estilartiaa sf the Qta by both -la. The effect of lloistw r ~ u  Zagtar 
on leaf expaarim and renmw1(1 should be furthrr exmined and inuwpmatrd 
in the arobrl in coaputing the M l y  MI, The oburwd f i ~ l  MI data rlagt 
between 0,27 t o  2,77 w h i l r  S W F  model mmst inr red  f i n d  UI, $ORIF-2 imp- 
rwed tha estlsrter.  
Carnlation coolficient khrcr~ &nomad and rfaubted results (table 17) 
rhw that nvi r ia ra  i n  the 11obrl resulted i n  i n p m d  ertirsaer of TDH mid 
p d n  yield. SQRGF could explain only 4 perant  variation arswiated with 
grain y i e l b  in thr pmmnt data wit while SORGF-2 catld . x p U  76 percent 
variation. 
Error .nrly.ysir of the sirnulatian mcults indicates that M E  for TW, 
grain yield# and PH wan mducod due to  nv i s ims  in the model ($&lo 17). 
Conclusionr and Future Plans of Work 
Revislms in the awde1 did show sane improvement in simulat 
tematic exmination of the data i s  unbxway not only to imp 
nature of the model but a180 to investigate reasons why in 
cures the model pe~fonnanw was poor. A t  the end of tha 19 
there w i l l  be multilocdtion data sets frm five s e ~ a r s  rep 
genotypes grown under differant traatments. Critical e 
tho data sets w i l l  be undertaken to revire the model an 
be used to  validate the ravised model, 
W h b o ~ t i v e  work with the so i l  fe r t i l i ty  group is 
'a nutr$mt subroutine for incluaicn in tho model, I t  i s  
pert aid disease subroutines. However, in thr 1981 rainy 
i s  tak* up in the unsprayed plots at  XCRISAT Center with 
CSU-5, $CW-6, CSH-8 and SW-351) with 40 kg N / h a  t o  oval 
mnce p d a r  #dim f e r t i l i t y  and no pest and d i ~ * c  
1 
&ePianntb on three p a r 1  millet genotypes (BJ-IOU, WC-C@ und IaS-7703) 
have b+n taken up fran 1081 rainy season t o  collect standard Bta sets to 
devel4 a dynamic simulation model for pearl millet. 
A 8  n f e m d  t o  by the  Technical Advisory Camnittre (TAcS while mvirwlng tho 
Famirya. S y s t m s  Research (FSR) a t  I n t e r n a t i o n a l  Centers  (TAC,  19"J8), h r r a  
data analysicr is i n h i e a :  t o  the s ~ ~ c o a 8  of any program uafnp. t h e  TSR approach. 
Clflaate @ v a l ~ a t i o n  which Includaa p e s r n t a t  ion of genera l  c l imat i c  c h a r a e t r r i r -  
t i c s  of d i f f e r e n t  regions and nssasment  of  crnp p o t e n t i a l  i s  nn important 
first s t e p  i n  p l n n i n p ,  f o r  tho r s s o u r r r - l a s e d  technologiaa f c v  Improwd crop- 
product ion i n  t h e  SAT. Cur r e p o r t s  of r a i n f a l l  p r o h b i l l t i a a  ( V l n a n i  e t  f i l s  
19781, r a i n f a l l  climatology ( S i v a k u s a ~  e t  a l ,  1900, Virmani s t  41. 1980) and 
es t imat ion  of PE (Reddy and Virmsnl, :400) are d i r e c t e d  a t  providing the  f i m t  
approximation answers t o  t h e  quest  ion a!: c l imate  @valua t ion .  
Coupled with t h e  asprc t  of eva lua t ion  i 8 tho  q u e e t i  on concamin$ meaning- 
f u l  c l a s s i f i c a t i o n  of clima?e:i. We found t h a t  TroJ.Xi~ r l a s r i f l c a t l a n  3F SAT 
( T r o l l ,  1965) was based an limiter! d a t a  and hence t h e  boundarfen given by 
T r o l l  were inaccura te .  We have undertaken the task of establirahfng r l i m n t i c  
da ta  banks and prepared r-vised maps nf SAT barred on t h e  e n l a m e d  clata bra*. 
We w i l l  cont inue our e f f o r t s  to pr3ovide meanfnfiful c l imate rveluaricm f o r  
o u t l i n i n g  crcpping p o t e n t i a l ?  f o r  d i f f  e w n t  mrlionn. 
Hicrocl imatic  s t u d i e s  and crop weather modeling s f t o r t &  ~ i v s  u s  the 
scope t o  a s s e s s  the  crop p o t e n t i a l  ac the  f i e l d  s c a l e .  Thasc s t u d i o s  provtda 
an understanding of  t h e  c l i m a t i c  rontrcll o f  t h e  p l a n t  growth nml drvtlopmant. 
This  understanding enables  :>u t o  e s t a b l i s h  t h e  laws of growth and pmduct lon  
i n  t h e  l i g h t  of meteorological  f a c t o r s  a5 thay f l u c t u a t s  i n  t h e  f i e l d  during 
t h e  v e g e t a t i v e  cycle .  I t  if; l o g i c a l  t h a t  t h e  end m s u l t  should bn a model 
t h a t  s imula tes  e f f e c t i v e l y  t h e  crop growth  and development under anvaraf. 
c l i m a t i c  c o n s t r a i n t s .  We have made considerahla  p rogrer r~  i n  atudying t h e  
crop response t o  t h e  mbienz  environment by us in^ c o l l a l o r a t i v a  approach08 
i n  s tudying t h e  soil-plant-atmosphere rantinuurn. As daacribed i n  Chaptar f V  
our  a b i l i t y  t o  p r e d i c t  t h e  sorghum growth ertd dcvelopmant l a  nou f a i r l v  sstir- 
f a c t o r y ,  but we envisage f u r t h s p  improvsment and ax tcns lan  of our  Ideas t o  
o t h e r  c rops .  
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